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wp3 Documentation

This document defines data classes and attributes of the objects in a DEM simulation. It is available in PDF and in
HTML formats.
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2 CONTENTS:



CHAPTER
ONE

SYSTEM OF UNITS

Physical quantities are assigned to many variables, not units. The actual system of units can be specified as one of the scene’s att

e time: [T]
length: [L]

e mass: [M]
e force: [F]

1.1 Basic types

1.1.1 base_types Module

class base_types.Vector3(x: float = 0.0, y: float = 0.0, z: float = 0.0)
Bases: object

A simple 3D vector class.

class base_types.Quaternion(x: float = 1.0, y: float = 0.0, z: float = 0.0, w: float = 0.0)
Bases: object

A simple quaternion class.

class base_types.Matrix3 (elements=None)
Bases: object

A simple 3x3 matrix class.
classmethod zero()

classmethod identity()
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Classes
Matrix3([elements]) A simple 3x3 matrix class.
Quaternion([x,y, z, W]) A simple quaternion class.
Vector3([x,y, z]) A simple 3D vector class.
Matrix3

class base_types.Matrix3 (elements=None)
Bases: object

A simple 3x3 matrix class.

Methods Summary

identity()

zero()

Methods Documentation

classmethod identity()
classmethod zero()
classmethod zero()

classmethod identity()

Quaternion

class base_types.Quaternion(x: float = 1.0, y: float = 0.0, z: float = 0.0, w: float = 0.0)
Bases: object

A simple quaternion class.

Vector3

class base_types.Vector3(x: float = 0.0, y: float = 0.0, z: float = 0.0)
Bases: object

A simple 3D vector class.

4 Chapter 1. System of units
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Class Inheritance Diagram

Vector3

Quaternion

Matrix3

1.2 Scene

Information on a simulation

1.2.1 Classes

scene()

Information on a simulation

scene

class scene.scene
Bases: object

Information on a simulation

Attributes Summary

gravity Gravitational acceleration [L/T?]

time simulated time [T]

timestep time step [T]

units Units for time (T), length (L) and mass (M).

1.2. Scene


https://docs.python.org/3/library/functions.html#object
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Attributes Documentation
gravity: base_types.Vector3 = Vector3(0, 0, 0)
Gravitational acceleration [L/T?]

time: float = None
simulated time [T]

timestep: float = None
time step [T]

units: List[str] = ['second', 'meter', 'kilogram']
Units for time (T), length (L) and mass (M).

units: List[str] = ['second', 'meter', 'kilogram']
Units for time (T), length (L) and mass (M).

timestep: float = None
time step [T]

time: float = None
simulated time [T]

gravity: base_types.Vector3 = Vector3(0, 0, 0)
Gravitational acceleration [L/T?]

Detailed content

class scene.scene
Bases: object
Information on a simulation

units: List[str] = ['second', 'meter', 'kilogram']
Units for time (T), length (L) and mass (M).

timestep: float = None
time step [T]

time: float = None
simulated time [T]

gravity: base_types.Vector3 = Vector3(0, 0, 0)
Gravitational acceleration [L/T?]

1.3 Bodies (extended list of attributes)

This page displays all inherited members for each data type. To get back to normal display click here
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1.3.1 Classes

base_body()

class defining a body

base_shape()

shape of a body

base_state()

mechanical state of a body

box() cuboid

liquid_f£ilm() mechanical + liquid film state

polyhedron() A generic polyhedron

sphere()

thermal() mechanical + thermal state
base_body

class bodies.base_body
Bases: object

class defining a body

Attributes Summary

body_id [mandatory] body id [—]
body_shape [mandatory] body shape [—]
body_state [mandatory] body state [—]
clump_id [mandatory] clump id [—]

material_id

[mandatory] material id [—]

Attributes Documentation

body_id: int = None
[mandatory] body id [—]

body_shape: type = <bodies.base_shape object>

[mandatory] body shape [—]

body_state: type = <bodies.base_state object>

[mandatory] body state [—]

clump_id: int = -1
[mandatory] clump id [—]

material_id: int = -1
[mandatory] material id [—]

material_id: int = -1
[mandatory] material id [—]

clump_id: int = -1
[mandatory] clump id [—]

body_id: int = None
[mandatory] body id [—]

1.3. Bodies (extended list of attributes)
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body_state:
[mandatory] body state [—]

body_shape:
[mandatory] body shape [—]

base_shape

class bodies.base_shape
Bases: object

shape of a body

Attributes Summary

type = <bodies.base_state object>

type = <bodies.base_shape object>

color

[optional] RGB color values [—]

Attributes Documentation

color:
[optional] RGB color values [—]

color:
[optional] RGB color values [—]

base_state

class bodies.base_state
Bases: object

mechanical state of a body

Attributes Summary

base_types.Vector3 = Vector3(1l,

base_types.Vector3 = Vector3(1,

1, D

1, D

angular_velocity

[mandatory] angular velocity [1~ B

inertia [mandatory] tensor of inertia [M L?]
mass [mandatory] body's mass [M ]
orientation [mandatory] orientation [—]

position [mandatory] position [ L]

velocity [mandatory] translational velocity [L7T~ 0
volume [mandatory] volume [L3]

Chapter 1. System of units
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Attributes Documentation

angular_velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] angular velocity [7~]

inertia: base_types.Matrix3 = Matrix3([0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0,
0.01)
[mandatory] tensor of inertia [M L?]

mass: float = None
[mandatory] body’s mass [M]

orientation: base_types.Quaternion = Quaternion(®, 0, 0, 1)
[mandatory] orientation [—]

position: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] position [L]

velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] translational velocity [LT 1]

volume: float = None
[mandatory] volume [L3]

position: base_types.Vector3 = Vector3(06, 0, 0)
[mandatory] position [L]

velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] translational velocity [LT ]

orientation: base_types.Quaternion = Quaternion(0®, 0, 0, 1)
[mandatory] orientation [—]

angular_velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] angular velocity [T!]

mass: float = None
[mandatory] body’s mass [M]

inertia: base_types.Matrix3 = Matrix3([0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0,
0.01)
[mandatory] tensor of inertia [M L?]

volume: float = None
[mandatory] volume [L3]

box

class bodies.box
Bases: bodies.base_shape

cuboid

1.3. Bodies (extended list of attributes) 9
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Attributes Summary

dimensions [mandatory] length in each direction of space

Attributes Documentation

dimensions: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] length in each direction of space

dimensions: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] length in each direction of space

liquid_film

class bodies.liquid_f£film
Bases: bodies.base_state

mechanical + liquid film state

Attributes Summary

liquid_film_volume [optional] liquid film volume [L"3]

Attributes Documentation

liquid_£film_volume: float = None
[optional] liquid film volume [L"3]

liquid_£film_volume: float = None
[optional] liquid film volume [LA3]

polyhedron

class bodies.polyhedron
Bases: bodies.base_shape

A generic polyhedron

Attributes Summary

vertices [mandatory] list of positions of the vertices

10 Chapter 1. System of units
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Attributes Documentation

vertices: 1list = []

[mandatory] list of positions of the vertices

vertices: 1list = []

[mandatory] list of positions of the vertices

sphere

class bodies.sphere
Bases: bodies.base_shape

Attributes Summary

radius

[mandatory] radius

Attributes Documentation

radius: float = None
[mandatory] radius

radius: float = None
[mandatory] radius

thermal

class bodies.thermal
Bases: bodies.base_state

mechanical + thermal state

Attributes Summary

temperature

[optional] temperature [O]

Attributes Documentation
temperature: float = None
[optional] temperature [O]

temperature: float = None
[optional] temperature [O]

1.3. Bodies (extended list of attributes)
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1.3.2 Class Inheritance Diagram

liquid_film
/
base state
* thermal
box
base_shape polyhedron
base_body sphere

Detailed contents

class bodies.base_state
Bases: object
mechanical state of a body

position: base_types.Vector3 = Vector3(06, 0, 0)
[mandatory] position [L]

velocity: base_types.Vector3 = Vector3(®, 0, 0
[mandatory] translational velocity [LT—Y]

orientation: base_types.Quaternion = Quaternion(®, 0, 0, 1)
[mandatory] orientation [—]

angular_velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] angular velocity [T!]

mass: float = None
[mandatory] body’s mass [M]

inertia: base_types.Matrix3 = Matrix3([0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0,
0.0
[mandatory] tensor of inertia [M L?]

volume: float = None
[mandatory] volume [L3]

class bodies.thermal
Bases: bodies.base_state

mechanical + thermal state

12 Chapter 1. System of units
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temperature: float = None
[optional] temperature [O]

angular_velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] angular velocity [7~]

inertia: base_types.Matrix3 = Matrix3([0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0,
0.01)
[mandatory] tensor of inertia [M L?]

mass: float = None
[mandatory] body’s mass [M]

orientation: base_types.Quaternion = Quaternion(®, 0, 0, 1)
[mandatory] orientation [—]

position: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] position [L]

velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] translational velocity [LT 1]

volume: float = None
[mandatory] volume [L3]

class bodies.liquid_£film
Bases: bodies.base_state

mechanical + liquid film state

liquid_£film_volume: float = None
[optional] liquid film volume [LA3]

angular_velocity: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] angular velocity [T!]

inertia: base_types.Matrix3 = Matrix3([0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0,
0.01)
[mandatory] tensor of inertia [M L?]

mass: float = None
[mandatory] body’s mass [M ]

orientation: base_types.Quaternion = Quaternion(®, 0, 0, 1)
[mandatory] orientation [—]

position: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] position [L]

velocity: base_types.Vector3 = Vector3(®, 0, )
[mandatory] translational velocity [LT—Y

volume: float = None
[mandatory] volume [L3]

class bodies.base_shape
Bases: object

shape of a body

color: base_types.Vector3 = Vector3(l, 1, 1)
[optional] RGB color values [—]

1.3. Bodies (extended list of attributes) 13
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class bodies.sphere
Bases: bodies.base_shape

color: base_types.Vector3 = Vector3(l, 1, 1)
[optional] RGB color values [—]

radius: float = None
[mandatory] radius

class bodies.box
Bases: bodies.base_shape

cuboid

color: base_types.Vector3 = Vector3(l, 1, 1)
[optional] RGB color values [—]

dimensions: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] length in each direction of space

class bodies.polyhedron
Bases: bodies.base_shape

A generic polyhedron

color: base_types.Vector3 = Vector3(l, 1, 1)
[optional] RGB color values [—]

vertices: 1list = []
[mandatory] list of positions of the vertices

class bodies.base_body
Bases: object

class defining a body

material_id: int = -1
[mandatory] material id [—]

clump_id: int = -1
[mandatory] clump id [—]

body_id: int = None
[mandatory] body id [—]

body_state: type = <bodies.base_state object>
[mandatory] body state [—]

body_shape: type = <bodies.base_shape object>
[mandatory] body shape [—]

1.4 Materials (extended list of attributes)

This page displays all inherited members for each data type. To get back to normal display click here
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1.4.1 Classes

base_material()

General properties shared by all materials.

base_thermal()

Material with linear-elastic and thermal behaviour.

basic_luding()

Material with Luding-type elasto-plastic adhesive be-
haviour.

frictional_3D()

Adds sliding friction behaviour to any material.

frictional_6D()

Adds sliding, rolling and torsional friction to any mate-
rial.

hertz_elastic()

Material with Hertzian-elastic behaviour.

linear_elastic()

Material with linear-elastic behaviour.

linear_elastic_frictional_3D()

Material with linear-elastic behaviour and sliding fric-
tion.

linear_elastic_frictional_6D()

Material with linear-elastic behaviour and sliding,
rolling and torsional friction.

linear_visco_elastic()

Material with linear visco-elastic damping behaviour.

linear_visco_elastic_constant_cor()

Material with linear visco-elastic damping behaviour
and mass-independent coefficient of restitution.

linear_visco_elastic_frictional_3D()

Material with linear visco-elastic behaviour and sliding
friction.

linear_visco_elastic_frictional_3D_liquid_briMatgdial with linear visco-elastic behaviour, sliding fric-

tion and liquid-bridge forces.

linear_visco_elastic_variable_cor()

Material with linear visco-elastic damping behaviour
and velocity-dependent coefficient of restitution.

liquid_bridge()

Adds a liquid-bridge model to any material.

liquid_bridge_migration()

Adds a liquid-bridge migration model to any material.

liquid_bridge_static()

Adds a liquid-bridge model in which every contact has
the same liquid volume.

thermal_blaze()

Material with frictional heat generation and cohesion
evolution.

base material

class materials.base_material
Bases: object

General properties shared by all materials.

Attributes Summary

density

[mandatory] particle density, p, [M L~3]

id

[mandatory] material id, id, [—]

1.4. Materials (extended list of attributes)
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Attributes Documentation
density: float = None
[mandatory] particle density, p, [M L ™3]

id: int = None
[mandatory] material id, id, [—]

id: int = None
[mandatory] material id, id, [—]

density: float = None
[mandatory] particle density, p, [M L73]

base_thermal

class materials.base_thermal
Bases: materials.linear_elastic

Material with linear-elastic and thermal behaviour.

Attributes Summary

initial_temperature [mandatory] initial temperature, 7g, [6]
max_temp [optional] maximum temperature, Ty ax, [0]
min_temp [optional ] minimum temperature, 11y, [6]
thermal_capacity [mandatory] thermal capacity, c,, [E/6]
thermal_conductivity [mandatory] thermal conductivity, k, [E/(LT9)]

Attributes Documentation

initial_temperature: float = None
[mandatory] initial temperature, Tg, [6]

max_temp: float = None
[optional] maximum temperature, Ty, ax, [0]

min_temp: float = None
[optional] minimum temperature, Ty, [0]

thermal_capacity: float = None
[mandatory] thermal capacity, c,, [E/6]

thermal_conductivity: float = None
[mandatory] thermal conductivity, k, [E/(LT6)]

thermal_conductivity: float = None
[mandatory] thermal conductivity, k, [E/(LT6)]

thermal_capacity: float = None
[mandatory] thermal capacity, c,, [E/6]

16 Chapter 1. System of units
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initial_temperature: float = None
[mandatory] initial temperature, Tg, [6]

min_temp: float = None
[optional ] minimum temperature, 11y, [6]

max_temp: float = None
[optional] maximum temperature, Ty, ax, [0]

basic_luding

class materials.basic_luding
Bases: materials.linear_elastic

Material with Luding-type elasto-plastic adhesive behaviour.

Attributes Summary

normal_stiffness_plastic [mandatory] plastic loading stiffness, K, [FL™1]

normal_stiffness_tensile [mandatory] tensile adhesive stiffness, K gdh,
[FL']

normal_stiffness_unloading reloading [mandatory] unloading and reloading stiffness, K nU ,
[FL™]

Attributes Documentation
normal_stiffness_plastic: float = None
[mandatory] plastic loading stiffness, K7, [FL~1]

normal_stiffness_tensile: float = None
[mandatory] tensile adhesive stiffness, KU, , [FL 7]

normal_stiffness_unloading_reloading: float = None
[mandatory] unloading and reloading stiffness, K f,J J[FL—1

normal_stiffness_plastic: float = None
[mandatory] plastic loading stiffness, K7, [FL1]

normal_stiffness_unloading_reloading: float = None
[mandatory] unloading and reloading stiffness, KU, [FFL™!]

normal_stiffness_tensile: float = None
[mandatory] tensile adhesive stiffness, K gih, [FL1]

1.4. Materials (extended list of attributes) 17
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frictional_3D

class materials.frictional_3D
Bases: object

Adds sliding friction behaviour to any material.

Attributes Summary

shear_damping

[mandatory] shear damping coefficient, c,, [MT~ B

shear_friction

[mandatory] sliding-friction coefficient, s, [—]

Attributes Documentation

shear_damping: float = None

[mandatory] shear damping coefficient, c,, [M 71

shear_friction: float = None

[mandatory] sliding-friction coefficient, pg, [—]

shear_friction: float = None

[mandatory] sliding-friction coefficient, p, [—]

shear_damping: float = None

[mandatory] shear damping coefficient, c,, [MT -1

frictional_6D

class materials.frictional_6D
Bases: materials.frictional_3D

Adds sliding, rolling and torsional friction to any material.

Attributes Summary

model

Friction model.

rolling_damping

[mandatory] rolling damping coefficient, c,,
(MT~1]

rolling friction

[mandatory] rolling-friction coefficient, y,., [—]

torsion_damping

[mandatory] torsional damping coefficient, c¢,
[MT]

torsion_friction

[mandatory] torsional-friction coefficient, p;, [—]

18
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Attributes Documentation
model: str = 'frictional_6D'
Friction model.

rolling_damping: float = None
[mandatory] rolling damping coefficient, ¢, [M 71

rolling_friction: float = None
[mandatory] rolling-friction coefficient, p,., [—]

torsion_damping: float = None
[mandatory] torsional damping coefficient, ¢, [MT 1]

torsion_friction: float = None
[mandatory] torsional-friction coefficient, p;, [—]

model: str = 'frictional_6D'
Friction model.

rolling_friction: float = None
[mandatory] rolling-friction coefficient, p,., [—]

rolling_damping: float = None
[mandatory] rolling damping coefficient, c,, [MT ']

torsion_friction: float = None
[mandatory] torsional-friction coefficient, yi;, [—]

torsion_damping: float = None
[mandatory] torsional damping coefficient, ¢y, [M 71

hertz_elastic

class materials.hertz_elastic
Bases: materials.base_material

Material with Hertzian-elastic behaviour.

Attributes Summary

poisson_ratio [mandatory] Poisson's ratio, v/, [—]
young_modulus [mandatory] Young's modulus, E, [FL™?]
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Attributes Documentation
poisson_ratio: float = None
[mandatory] Poisson’s ratio, v/, [—]

young_modulus: float = None
[mandatory] Young’s modulus, E, [FL™?]

young_modulus: float = None
[mandatory] Young’s modulus, £, [FL~2]

poisson_ratio: float = None
[mandatory] Poisson’s ratio, v/, [—]

linear_elastic

class materials.linear_elastic
Bases: materials.base_material

Material with linear-elastic behaviour.

Attributes Summary

normal_stiffness [mandatory] normal stiffness, K,,, [FL~1]
shear_stiffness [mandatory] shear stiffness, K, [FL ']

Attributes Documentation
normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL ']

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL ']

linear_elastic_frictional 3D

class materials.linear_elastic_frictional_3D
Bases: materials.linear_elastic, materials.frictional_3D

Material with linear-elastic behaviour and sliding friction.
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linear_elastic_frictional 6D

class materials.linear_elastic_frictional_6D
Bases: materials.linear_elastic, materials.frictional_6D

Material with linear-elastic behaviour and sliding, rolling and torsional friction.
linear_visco_elastic

class materials.linear_visco_elastic
Bases: materials.linear_elastic

Material with linear visco-elastic damping behaviour.

Attributes Summary

normal_damping [mandatory] normal damping coefficient, c,,
[MT~1]

Attributes Documentation

normal_damping: float = None
[mandatory] normal damping coefficient, ¢, [MT ']

normal_damping: float = None
[mandatory] normal damping coefficient, c,,, [MT ']

linear_visco_elastic_constant_cor

class materials.linear_visco_elastic_constant_cor
Bases: materials.linear_elastic

Material with linear visco-elastic damping behaviour and mass-independent coefficient of restitution.

Attributes Summary

normal_damping_ratio [mandatory] normal damping coefficient, 3,, [—]

Attributes Documentation
normal_damping_ratio: float = None
[mandatory] normal damping coefficient, 3,, [—]

normal_damping_ratio: float = None
[mandatory] normal damping coefficient, 3,, [—]

1.4. Materials (extended list of attributes)
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linear_visco_elastic_frictional_3D

class materials.linear_visco_elastic_frictional_3D
Bases: materials.linear_visco_elastic, materials.frictional_3D

Material with linear visco-elastic behaviour and sliding friction.
linear_visco_elastic_frictional_3D_liquid_bridge

class materials.linear_visco_elastic_frictional_3D_liquid_bridge
Bases: materials.linear_visco_elastic, materials.frictional_3D, materials.liquid_bridge

Material with linear visco-elastic behaviour, sliding friction and liquid-bridge forces.
linear_visco_elastic_variable_cor

class materials.linear_visco_elastic_variable_cor
Bases: materials.linear_elastic

Material with linear visco-elastic damping behaviour and velocity-dependent coefficient of restitution.

Attributes Summary

relaxation_time [mandatory] relaxation time, A, [7T']

Attributes Documentation

relaxation_time: float = None
[mandatory] relaxation time, A, [T']

relaxation_time: float = None
[mandatory] relaxation time, A, [T]

liquid_bridge

class materials.liquid_bridge
Bases: object

Adds a liquid-bridge model to any material.

Attributes Summary

contact_angle [mandatory] contact angle between particle and lig-
uid bridge surface, © [—]
surface_tension [mandatory] surface tension of the liquid, v [F/L]
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Attributes Documentation
contact_angle: float = None
[mandatory] contact angle between particle and liquid bridge surface, © [—]

surface_tension: float = None
[mandatory] surface tension of the liquid, v [F'/L]

surface_tension: float = None
[mandatory] surface tension of the liquid, v [F'/L]

contact_angle: float = None
[mandatory] contact angle between particle and liquid bridge surface, © [—]

liquid_bridge_migration

class materials.liquid_bridge_migration
Bases: materials.liquid_bridge

Adds a liquid-bridge migration model to any material.

Attributes Summary

distribution_coefficient [mandatory] the fraction of the liquid that is to be
distributed to the neighboring contacts of the parti-
cles after a liquid bridge rupture, f [—]

liquid_bridge_volume_max [mandatory] the maximum liquid volume, a liquid
bridge gets during formation, Vi [L3]
liquid_bridge_volume_min [mandatory] the minimum liquid volume needed to

form a bridge, Vinin [L3]

Attributes Documentation

distribution_coefficient: float = None
[mandatory] the fraction of the liquid that is to be distributed to the neighboring contacts of the particles
after a liquid bridge rupture, f [—]

liquid_bridge_volume_max: float = None
[mandatory] the maximum liquid volume, a liquid bridge gets during formation, V., [ L]

liquid_bridge_volume_min: float = None
[mandatory] the minimum liquid volume needed to form a bridge, Vinin [L3]

liquid_bridge_volume_min: float = None
[mandatory] the minimum liquid volume needed to form a bridge, Vi,in [L3]

liquid_bridge_volume_max: float = None
[mandatory] the maximum liquid volume, a liquid bridge gets during formation, V;,ax [L3]

distribution_coefficient: float = None
[mandatory] the fraction of the liquid that is to be distributed to the neighboring contacts of the particles
after a liquid bridge rupture, f [—]
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liquid_bridge_static

class materials.liquid_bridge_static
Bases: materials.liquid_bridge

Adds a liquid-bridge model in which every contact has the same liquid volume.

Attributes Summary

liquid_bridge_volume [mandatory] the liquid volume of a bridge, V' [L3]

Attributes Documentation

liquid_bridge_volume: float = None
[mandatory] the liquid volume of a bridge, V' [L3]

liquid_bridge_volume: float = None
[mandatory] the liquid volume of a bridge, V [L?]

thermal_blaze

class materials.thermal_blaze
Bases: materials.base_thermal

Material with frictional heat generation and cohesion evolution.

Attributes Summary

cohesion_limit [optional] maximum surface energy, SFnax,
[E/L?]

cohesion_rate [mandatory] cohesion rate, S Eyatc, [E/(L*T)]

contact_area_effective [mandatory] effective fraction of the contact area,
Aeff, [*]

friction_source [mandatory] friction coefficient used for heat gener-
ation, g, [—]

thickness [optional] artificial geometrical thickness, dd, [L]

Attributes Documentation
cohesion_limit: float = None
[optional ] maximum surface energy, S Frax, [F/L?]

cohesion_rate: float = None
[mandatory] cohesion rate, S Eate, [E/(L?T)]

contact_area_effective: float = None
[mandatory] effective fraction of the contact area, A, [—]

friction_source: float = None
[mandatory] friction coefficient used for heat generation, pg, [—]
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thickness: float = None
[optional] artificial geometrical thickness, dd, [L]

friction_source: float = None
[mandatory] friction coefficient used for heat generation, pg, [—]

contact_area_effective: float = None
[mandatory] effective fraction of the contact area, A.g, [—]

cohesion_rate: float = None
[mandatory] cohesion rate, S Eate, [E/(L?T)]

cohesion_limit: float = None
[optional] maximum surface energy, S Fmax, [F/ L?]

thickness: float = None
[optional] artificial geometrical thickness, dd, [L]

1.4.2 Class Inheritance Diagram

base_thermal

thermal_blaze

’ linear_visco_elastic_constant_cor ‘

’ linear_visco_elastic_variable_cor ‘

>

linear_elastic

base_material

hertz_elastic

basic_luding

frictional_6D

linear_visco_elastic

:[ linear_elastic_frictional_3D ‘

linear_elastic_frictional_6D ‘

linear_visco_elastic_frictional_3D

frictional_3D

linear_visco_elastic_frictional_3D_liquid_bridge

liquid_bridge ‘[ liquid_bridge_migration ‘

liquid_bridge_static
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Detailed contents

class materials.base_material

Bases: object
General properties shared by all materials.
id: int = None

[mandatory] material id, id, [—]

density: float = None
[mandatory] particle density, p, [M L~3]

class materials.linear_elastic

Bases: materials.base_material
Material with linear-elastic behaviour.

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL™!]

density: float = None

[mandatory] particle density, p, [M L73]
id: int = None

[mandatory] material id, id, [—]

class materials.hertz_elastic

Bases: materials.base_material
Material with Hertzian-elastic behaviour.

young_modulus: float = None
[mandatory] Young’s modulus, £, [FL™2]

poisson_ratio: float = None
[mandatory] Poisson’s ratio, v/, [—]

density: float = None

[mandatory] particle density, p, [M L~3]
id: int = None

[mandatory] material id, id, [—]

class materials.linear_visco_elastic

Bases: materials.linear_elastic
Material with linear visco-elastic damping behaviour.

normal_damping: float = None
[mandatory] normal damping coefficient, c,,, [M 71

density: float = None

[mandatory] particle density, p, [M L~3]
id: int = None

[mandatory] material id, id, [—]

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™!]

26
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shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL™!]

class materials.linear_visco_elastic_constant_cor
Bases: materials.linear_elastic

Material with linear visco-elastic damping behaviour and mass-independent coefficient of restitution.

normal_damping_ratio: float = None
[mandatory] normal damping coefficient, 3,, [—]

density: float = None
[mandatory] particle density, p, [M L~3]

id: int = None
[mandatory] material id, id, [—]

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL™!]

class materials.linear_visco_elastic_variable_cor
Bases: materials.linear_elastic

Material with linear visco-elastic damping behaviour and velocity-dependent coefficient of restitution.

relaxation_time: float = None
[mandatory] relaxation time, A, [T']

density: float = None
[mandatory] particle density, p, [M L73]

id: int = None
[mandatory] material id, id, [—]

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL™!]

class materials.frictional_3D
Bases: object

Adds sliding friction behaviour to any material.

shear_friction: float = None
[mandatory] sliding-friction coefficient, pg, [—]

shear_damping: float = None
[mandatory] shear damping coefficient, c,, [MT -1

class materials.frictional_6D
Bases: materials.frictional_3D

Adds sliding, rolling and torsional friction to any material.

model: str = 'frictional_6D'
Friction model.

rolling_friction: float = None
[mandatory] rolling-friction coefficient, p,., [—]
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rolling_damping: float = None
[mandatory] rolling damping coefficient, c,, [MT ']

torsion_friction: float = None
[mandatory] torsional-friction coefficient, p;, [—]

torsion_damping: float = None
[mandatory] torsional damping coefficient, c;, [MT ']

shear_damping: float = None
[mandatory] shear damping coefficient, c,, [M 71

shear_friction: float = None
[mandatory] sliding-friction coefficient, 5, [—]

class materials.base_thermal
Bases: materials.linear_elastic

Material with linear-elastic and thermal behaviour.

thermal_conductivity: float = None
[mandatory] thermal conductivity, k, [E/(LT6)]

thermal_capacity: float = None
[mandatory] thermal capacity, c,, [E/6]

initial_temperature: float = None
[mandatory] initial temperature, Tg, [6]

min_temp: float = None
[optional ] minimum temperature, 11y, [6]

max_temp: float = None
[optional] maximum temperature, Ty, ax, [0]

density: float = None
[mandatory] particle density, p, [M L~3]

id: int = None
[mandatory] material id, id, [—]

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL ']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL ']

class materials.thermal_blaze
Bases: materials.base_thermal

Material with frictional heat generation and cohesion evolution.

density: float = None
[mandatory] particle density, p, [M L ™3]

friction_source: float = None

[mandatory] friction coefficient used for heat generation, pg, [—]
id: int = None

[mandatory] material id, id, [—]

initial_temperature: float = None
[mandatory] initial temperature, Tj, [0]
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max_temp: float = None
[optional] maximum temperature, T}y ax, [0]

min_temp: float = None
[optional ] minimum temperature, Ty,iy, [6]

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL™!]

thermal_capacity: float = None
[mandatory] thermal capacity, c,, [E/6]

thermal_conductivity: float = None
[mandatory] thermal conductivity, k, [E/(LT6)]

contact_area_effective: float = None
[mandatory] effective fraction of the contact area, Ao, [—]

cohesion_rate: float = None
[mandatory] cohesion rate, S Eate, [E/(LT)]

cohesion_limit: float = None
[optional] maximum surface energy, S Fmax, [F/ L]

thickness: float = None
[optional] artificial geometrical thickness, dd, [L]

class materials.basic_luding
Bases: materials.linear_elastic

Material with Luding-type elasto-plastic adhesive behaviour.

density: float = None
[mandatory] particle density, p, [M L~3]

id: int = None
[mandatory] material id, id, [—]

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL ']

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL ']

normal_stiffness_plastic: float = None
[mandatory] plastic loading stiffness, K1, [FL™1]

normal_stiffness_unloading_reloading: float = None
[mandatory] unloading and reloading stiffness, K f{ J[FL1

normal_stiffness_tensile: float = None
[mandatory] tensile adhesive stiffness, KY,,, [F'L™']

class materials.liquid_bridge
Bases: object

Adds a liquid-bridge model to any material.

surface_tension: float = None
[mandatory] surface tension of the liquid, v [F'/L]

1.4. Materials (extended list of attributes)
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contact_angle: float = None
[mandatory] contact angle between particle and liquid bridge surface, © [—]

class materials.liquid_bridge_migration

Bases: materials.liquid_bridge
Adds a liquid-bridge migration model to any material.

contact_angle: float = None
[mandatory] contact angle between particle and liquid bridge surface, © [—]

surface_tension: float = None
[mandatory] surface tension of the liquid, v [F'/L]

liquid_bridge_volume_min: float = None
[mandatory] the minimum liquid volume needed to form a bridge, Vi, [L3]

liquid_bridge_volume_max: float = None
[mandatory] the maximum liquid volume, a liquid bridge gets during formation, Vijax [L3]

distribution_coefficient: float = None
[mandatory] the fraction of the liquid that is to be distributed to the neighboring contacts of the particles
after a liquid bridge rupture, f [—]

class materials.liquid_bridge_static

Bases: materials.liquid_bridge
Adds a liquid-bridge model in which every contact has the same liquid volume.

contact_angle: float = None
[mandatory] contact angle between particle and liquid bridge surface, © [—]

surface_tension: float = None
[mandatory] surface tension of the liquid, v [F'/L]

liquid_bridge_volume: float = None
[mandatory] the liquid volume of a bridge, V' [L3]

class materials.linear_elastic_frictional_3D

Bases: materials.linear_elastic,materials.frictional_3D

Material with linear-elastic behaviour and sliding friction.

density: float = None

[mandatory] particle density, p, [M L~3]
id: int = None

[mandatory] material id, id, [—]

normal_stiffness: float = None

[mandatory] normal stiffness, K,,, [FL ']

shear_damping: float = None

[mandatory] shear damping coefficient, c,, [MT ']

shear_friction: float = None

[mandatory] sliding-friction coefficient, p, [—]

shear_stiffness: float = None

[mandatory] shear stiffness, K, [FL™!]

class materials.linear_visco_elastic_frictional_3D

Bases: materials.linear_visco_elastic, materials.frictional_3D

Material with linear visco-elastic behaviour and sliding friction.

30
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density: float = None
[mandatory] particle density, p, [M L ™3]

id: int = None
[mandatory] material id, id, [—]

normal_damping: float = None
[mandatory] normal damping coefficient, c,,, [MT ']

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™!]

shear_damping: float = None
[mandatory] shear damping coefficient, c,, [MT -1

shear_friction: float = None
[mandatory] sliding-friction coefficient, pg, [—]

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL ']

class materials.linear_elastic_frictional_6D
Bases: materials.linear_elastic,materials.frictional_6D

Material with linear-elastic behaviour and sliding, rolling and torsional friction.

density: float = None
[mandatory] particle density, p, [M L ™3]

id: int = None
[mandatory] material id, id, [—]

model: str = '"frictional_6D'
Friction model.

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™!]

rolling_damping: float = None
[mandatory] rolling damping coefficient, c,., [M 71

rolling_friction: float = None
[mandatory] rolling-friction coefficient, p,., [—]

shear_damping: float = None
[mandatory] shear damping coefficient, c,, [MT -1

shear_friction: float = None
[mandatory] sliding-friction coefficient, pg, [—]

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL ']

torsion_damping: float = None
[mandatory] torsional damping coefficient, c;, [MT 1]

torsion_friction: float = None
[mandatory] torsional-friction coefficient, p;, [—]

class materials.linear_visco_elastic_frictional_3D_liquid_bridge
Bases: materials.linear_visco_elastic, materials.frictional_3D, materials.liquid_bridge

Material with linear visco-elastic behaviour, sliding friction and liquid-bridge forces.
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contact_angle: float = None

[mandatory] contact angle between particle and liquid bridge surface, © [—]

density: float = None

[mandatory] particle density, p, [M L~3]
id: int = None

[mandatory] material id, id, [—]

normal_damping: float = None

[mandatory] normal damping coefficient, c,,, [M -1

normal_stiffness: float = None
[mandatory] normal stiffness, K,,, [FL™']

shear_damping: float = None

[mandatory] shear damping coefficient, c,, [M T

shear_friction: float = None

[mandatory] sliding-friction coefficient, y, [—]

shear_stiffness: float = None
[mandatory] shear stiffness, K, [FL™!]

surface_tension: float = None

[mandatory] surface tension of the liquid, v [F'/L]

1.5 Interactions (extended list of attributes)

This page displays all inherited members for each data type. To get back to normal display click here

1.5.1 Classes

base_interaction()

This is generic pair interaction and this is a long com-
ment continuing here

base_thermal()

This material describes thermal behaviour

intr3D()

3 DOFs interaction combining normal and shear forces

linear_3D()

linear elastic interaction

linear_frictional_3D()

linear frictional interaction

liquid_bridge()

interaction to store base information needed for liquid
bridges

liquid_bridge_dynamic()

liquid bridge interaction, where the volume can change

normal()

interaction in the normal direction

normal_basic_luding()

This material describes linear-elastic behaviour with
spring constants

normal_hertz()

Hertzian interaction in the normal direction

normal_linear()

linear-elasticity

normal_linear_viscoelastic()

linear-elasticity with viscosity (linear spring dashpot)

shear()

interaction in the tangential (or shear) direction

shear_linear()

linear-elasticity

shear_linear_viscoelastic()

linear-elasticity with viscosity

thermal_Blaze()

This material describes thermal behaviour dependent on
friction and cohesion

32

Chapter 1. System of units


https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#float
interaction.html

wp3 Documentation

base_interaction

class interaction.base_interaction
Bases: object

This is generic pair interaction and this is a long comment continuing here

Attributes Summary

creation_time [optional] time when the interaction was created (ex-
ample of optional data)

idi [mandatory] id of body 1

id2 [mandatory] id of body 2

model [mandatory] which model applies to this interaction

virtual [optional] weither the interaction is real (else it is in

a virtual state - typically without contact)

Attributes Documentation
creation_time: float =0
[optional] time when the interaction was created (example of optional data)
idl: int = None
[mandatory] id of body 1
id2: int = None
[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

model: str = None

[mandatory] which model applies to this interaction
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

creation_time: float =0
[optional] time when the interaction was created (example of optional data)
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base thermal

class interaction.base_thermal
Bases: interaction.base_interaction

This material describes thermal behaviour

intr3D

class interaction.intr3D
Bases: interaction.normal, interaction. shear

3 DOFs interaction combining normal and shear forces
linear_3D

class interaction.linear_3D
Bases: interaction.intr3D, interaction.normal_linear, interaction.shear_linear

linear elastic interaction

linear_frictional 3D

class interaction.linear_frictional_3D
Bases: interaction.linear_3D

linear frictional interaction

Attributes Summary

friction_coefficient [mandatory] friction coefficient, y, [—]

Attributes Documentation
friction_coefficient: float = None
[mandatory] friction coefficient, u, [—]

friction_coefficient: float = None
[mandatory] friction coefficient, u, [—]

liquid_bridge

class interaction.liquid_bridge
Bases: interaction.base_interaction

interaction to store base information needed for liquid bridges
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Attributes Summary

is_formed [mandatory] whether a liquid bridge was formed

previously

Attributes Documentation

is_formed: bool = None
[mandatory] whether a liquid bridge was formed previously

is_formed: bool = None
[mandatory] whether a liquid bridge was formed previously

liquid_bridge_dynamic

class interaction.liquid_bridge_dynamic
Bases: interaction.liquid_bridge

liquid bridge interaction, where the volume can change

Attributes Summary

liquid_bridge_volume [mandatory] the liquid volume stored in the bridge,

V [L3]

Attributes Documentation

liquid_bridge_volume: float = None
[mandatory] the liquid volume stored in the bridge, V' [L3]

liquid_bridge_volume: float = None
[mandatory] the liquid volume stored in the bridge, V' [L3]

normal

class interaction.normal
Bases: interaction.base_interaction

interaction in the normal direction

Attributes Summary

normal [mandatory] unit normal [—]

normal_force [mandatory] normal force magnitude (positive in

traction) [F']

1.5. Interactions (extended list of attributes)
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Attributes Documentation
normal: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

normal: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

normal_basic_luding

class interaction.normal_basic_luding
Bases: interaction.normal_linear

This material describes linear-elastic behaviour with spring constants

Attributes Summary

k1 [mandatory] normal stiffness in plastic branch, K7,
[FL™]

k2 [mandatory] normal stiffness in unloading and
reloading elastic branch, KV, [FL™!]

kc [mandatory] normal stiffness in tensile adhesive

branch, KY,,, [FL™]

Attributes Documentation

kl: float = None
[mandatory] normal stiffness in plastic branch, K, [FL~']

k2: float = None
[mandatory] normal stiffness in unloading and reloading elastic branch, K, g J[FL™1

kc: float = None
[mandatory] normal stiffness in tensile adhesive branch, K gdh, [FL1]

kl: float = None
[mandatory] normal stiffness in plastic branch, K, [FL~']

k2: float = None
[mandatory] normal stiffness in unloading and reloading elastic branch, K, g J[FL™1

kc: float = None
[mandatory] normal stiffness in tensile adhesive branch, K gdh, [FL~1]
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normal_hertz

class interaction.normal_hertz
Bases: interaction.normal

Hertzian interaction in the normal direction

Attributes Summary

hertz_poisson

[mandatory] equivalent Poisson coefficient [—]

hertz_young

[mandatory] equivalent Young modulus [F'/L]

Attributes Documentation

hertz_poisson: float = None

[mandatory] equivalent Poisson coefficient [—]

hertz_young: float = None

[mandatory] equivalent Young modulus [F/L]

hertz_young: float = None

[mandatory] equivalent Young modulus [F'/L]

hertz_poisson: float = None

[mandatory] equivalent Poisson coefficient [—]

normal_linear

class interaction.normal_linear
Bases: interaction.normal

linear-elasticity

Attributes Summary

kn

[mandatory] normal stiffness [F'/ L]

Attributes Documentation

kn: float = None
[mandatory] normal stiffness [F'/ L]

kn: float = None
[mandatory] normal stiffness [F'/ L]

1.5. Interactions (extended list of attributes)
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normal_linear_viscoelastic

class interaction.normal_linear_viscoelastic
Bases: interaction.normal_linear

linear-elasticity with viscosity (linear spring dashpot)

Attributes Summary

normal_viscosity [mandatory] normal damping ratio, ¢, [F'T/L]

Attributes Documentation

normal_viscosity: float = None
[mandatory] normal damping ratio, ¢, [F'T/L]

normal_viscosity: float = None
[mandatory] normal damping ratio, ¢,,, [F'T/L]

shear

class interaction.shear
Bases: interaction.base_interaction

interaction in the tangential (or shear) direction

Attributes Summary

shear_force shear force [F']

Attributes Documentation

shear_force: base_types.Vector3 = Vector3(0, 0, 0)

shear force [ F']

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [F']

shear_linear

class interaction.shear_linear
Bases: interaction. shear

linear-elasticity
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Attributes Summary

ks [mandatory] shear stiffness [F'/L]

Attributes Documentation

ks: float = None
[mandatory] shear stiffness [F/L]

ks: float = None
[mandatory] shear stiffness [F'/L]

shear_linear_viscoelastic

class interaction.shear_linear_viscoelastic
Bases: interaction.shear_linear

linear-elasticity with viscosity

Attributes Summary

shear_viscosity [mandatory] shear damping ratio, c;, [F'T/L]

Attributes Documentation
shear_viscosity: float = None
[mandatory] shear damping ratio, c,, [F'T/L]

shear_viscosity: float = None
[mandatory] shear damping ratio, c,, [F'T'/ L]

thermal_Blaze

class interaction.thermal_Blaze
Bases: interaction.base_thermal

This material describes thermal behaviour dependent on friction and cohesion
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1.5.2 Class Inheritance Diagram

thermal_Blaze

‘ base_thermal

normal_basic_luding

normal_linear_viscoelastic ‘

normal_linear

normal_hertz

" intr3D

base_interaction

linear_3D

linear_frictional_3D

shear_linear_viscoelastic ‘

shear_linear
‘ liquid_bridge \\

liquid_bridge_dynamic

Detailed contents
class interaction.base_interaction
Bases: object
This is generic pair interaction and this is a long comment continuing here

model: str = None
[mandatory] which model applies to this interaction

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

class interaction.normal
Bases: interaction.base_interaction

interaction in the normal direction

normal: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2
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model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.shear
Bases: interaction.base_interaction

interaction in the tangential (or shear) direction

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [F']

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.intr3D
Bases: interaction.normal, interaction. shear

3 DOFs interaction combining normal and shear forces

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

normal: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [ F']

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [ F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.shear_linear
Bases: interaction.shear

linear-elasticity

ks: float = None
[mandatory] shear stiffness [F'/L]
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creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.shear_linear_viscoelastic

Bases: interaction.shear_linear
linear-elasticity with viscosity

shear_viscosity: float = None
[mandatory] shear damping ratio, c,, [F'T'/ L]

creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

ks: float = None
[mandatory] shear stiffness [F'/L]

model: str = None
[mandatory] which model applies to this interaction

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.normal_linear

Bases: interaction.normal
linear-elasticity

kn: float = None
[mandatory] normal stiffness [F'/ L]

creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

42
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model: str = None
[mandatory] which model applies to this interaction

normal: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.normal_linear_viscoelastic
Bases: interaction.normal_linear

linear-elasticity with viscosity (linear spring dashpot)

normal_viscosity: float = None
[mandatory] normal damping ratio, ¢,,, [F'T'/L]

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

kn: float = None
[mandatory] normal stiffness [F'/ L]

model: str = None
[mandatory] which model applies to this interaction

normal: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.normal_hertz
Bases: interaction.normal

Hertzian interaction in the normal direction

hertz_young: float = None
[mandatory] equivalent Young modulus [F'/L]

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

hertz_poisson: float = None

[mandatory] equivalent Poisson coefficient [—]
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2
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model: str = None
[mandatory] which model applies to this interaction

normal: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.linear_3D
Bases: interaction.intr3D, interaction.normal_linear, interaction.shear_linear

linear elastic interaction

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

kn: float = None
[mandatory] normal stiffness [F'/ L]

ks: float = None
[mandatory] shear stiffness [F'/L]

model: str = None
[mandatory] which model applies to this interaction

normal: base_types.Vector3 = Vector3(®, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F']

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.linear_frictional_3D
Bases: interaction.linear_3D

linear frictional interaction

creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

kn: float = None
[mandatory] normal stiffness [F'/L]
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ks: float = None
[mandatory] shear stiffness [F/L]

model: str = None
[mandatory] which model applies to this interaction

normal: base_types.Vector3 = Vector3(0, 0, 0)
[mandatory] unit normal [—]

normal_force: float =0
[mandatory] normal force magnitude (positive in traction) [F]

shear_force: base_types.Vector3 = Vector3(0, 0, 0)
shear force [F']

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

friction_coefficient: float = None
[mandatory] friction coefficient, p, [—]

class interaction.base_thermal
Bases: interaction.base_interaction

This material describes thermal behaviour

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.thermal_Blaze
Bases: interaction.base_thermal

This material describes thermal behaviour dependent on friction and cohesion

creation_time: float =0
[optional] time when the interaction was created (example of optional data)

idl: int = None
[mandatory] id of body 1

id2: int = None
[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

class interaction.liquid_bridge
Bases: interaction.base_interaction

interaction to store base information needed for liquid bridges
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creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

is_formed: bool = None
[mandatory] whether a liquid bridge was formed previously

class interaction.liquid_bridge_dynamic

Bases: interaction.liquid_bridge
liquid bridge interaction, where the volume can change

creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

is_formed: bool = None
[mandatory] whether a liquid bridge was formed previously

model: str = None
[mandatory] which model applies to this interaction

virtual: bool = False
[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

liquid_bridge_volume: float = None
[mandatory] the liquid volume stored in the bridge, V' [L3]

class interaction.normal_basic_luding

Bases: interaction.normal_linear
This material describes linear-elastic behaviour with spring constants

creation_time: float =0

[optional] time when the interaction was created (example of optional data)
idl: int = None

[mandatory] id of body 1
id2: int = None

[mandatory] id of body 2

kn: float = None
[mandatory] normal stiffness [F'/ L]

model: str = None
[mandatory] which model applies to this interaction
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normal: base_types.Vector3 = Vector3(0, 0, 0)

[mandatory] unit normal [—]

normal_force: float =0

[mandatory] normal force magnitude (positive in traction) [F']

virtual: bool = False

[optional] weither the interaction is real (else it is in a virtual state - typically without contact)

kl: float = None

[mandatory] normal stiffness in plastic branch, K7, [FL™1]

k2: float = None

[mandatory] normal stiffness in unloading and reloading elastic branch, K f{ J[FL—Y

kc: float = None

[mandatory] normal stiffness in tensile adhesive branch, Kgdh, [FL1]

1.6 Interaction Models

This page list interaction models

1.6.1 Classes

base_thermal()

Model describing thermal behaviour

elastic_frictional_3D()

Cundall's contact model with linear elasticity and
Coulombian friction [CS79]; F,, = kpun,, AF, =
kst At.

elastic_frictional_6D()

Generalized elastic-frictional model with rolling and
twisting.

linear_basic_luding_3D()

Basic Luding model with spring constants for plastic
loading, unload/reload and tensile adhesion .

linear_viscoelastic_frictional_3D()

Elastic-frictional model with viscous damping

thermal_Blaze()

Model describing thermal behaviour dependent on fric-
tion and cohesion

base_thermal

class model.base_thermal
Bases: object

Model describing thermal behaviour

1.6. Interaction Models
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Attributes Summary

implementations codes implementing this model

Attributes Documentation

implementations: 1list = []
codes implementing this model

implementations: list = []
codes implementing this model

elastic_frictional 3D

class model.elastic_frictional_3D
Bases: object

Cundall’s contact model with linear elasticity and Coulombian friction [CS79]; F,, = k,uy,, AFs = kgts At.

Attributes Summary

implementations codes implementing this model

Attributes Documentation

implementations: 1list = ['MercuryDPM', 'YADE']
codes implementing this model

implementations: 1list = ['MercuryDPM', 'YADE']
codes implementing this model

elastic_frictional 6D

class model.elastic_frictional_6D
Bases: model.elastic_frictional_3D

Generalized elastic-frictional model with rolling and twisting.

Attributes Summary

implementations codes implementing this model
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Attributes Documentation

implementations: 1list = ['YADE']
codes implementing this model

implementations: list = ['YADE']
codes implementing this model

linear_basic_luding_3D

class model.linear_basic_luding_3D
Bases: model.elastic_frictional_3D

Basic Luding model with spring constants for plastic loading, unload/reload and tensile adhesion .

Attributes Summary

implementations codes implementing this model

Attributes Documentation

implementations: 1list = ['YADE']
codes implementing this model

implementations: 1list = ['YADE']
codes implementing this model

linear_viscoelastic frictional 3D

class model.linear_viscoelastic_frictional_3D
Bases: model.elastic_frictional_3D

Elastic-frictional model with viscous damping

Attributes Summary

implementations codes implementing this model

Attributes Documentation
implementations: 1list = ['MercuryDPM', 'YADE']
codes implementing this model

implementations: 1list = ['MercuryDPM', 'YADE']
codes implementing this model

1.6. Interaction Models
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thermal_Blaze

class model.thermal_Blaze
Bases: model.base_thermal

Model describing thermal behaviour dependent on friction and cohesion

Attributes Summary

implementations codes implementing this model

Attributes Documentation

implementations: 1list = ['BlazeDEM']
codes implementing this model

implementations: list = ['BlazeDEM']
codes implementing this model

1.6.2 Class Inheritance Diagram

elastic_frictional_6D

[

elastic_frictional 3D linear_basic_luding_3D

\

linear_viscoelastic_frictional 3D

base_thermal thermal_Blaze

Y

Detailed content
class model.elastic_frictional_3D
Bases: object
Cundall’s contact model with linear elasticity and Coulombian friction [CS79]; F,, = k,uy,, AFs = kgtg At.

implementations: 1list = ['MercuryDPM', 'YADE']
codes implementing this model
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class model.linear_viscoelastic_frictional_3D
Bases: model.elastic_frictional_3D

Elastic-frictional model with viscous damping

implementations: 1list = ['MercuryDPM', 'YADE']
codes implementing this model

class model.elastic_frictional_6D
Bases: model.elastic_frictional_3D

Generalized elastic-frictional model with rolling and twisting.

implementations: 1list = ['YADE']
codes implementing this model

class model.base_thermal
Bases: object

Model describing thermal behaviour

implementations: 1list = []
codes implementing this model

class model.thermal_Blaze
Bases: model.base_thermal

Model describing thermal behaviour dependent on friction and cohesion

implementations: 1list = ['BlazeDEM']
codes implementing this model

class model.linear_basic_luding_3D
Bases: model.elastic_frictional_3D

Basic Luding model with spring constants for plastic loading, unload/reload and tensile adhesion .

implementations: 1list = ['YADE']
codes implementing this model

1.6.3 Classes

base_thermal()

Model describing thermal behaviour

elastic_frictional_3D()

Cundall's contact model with linear elasticity and
Coulombian friction [CS79]; F,, = kpu,, AF, =
ksts At.

elastic_frictional_6D()

Generalized elastic-frictional model with rolling and
twisting.

linear_basic_luding_3D()

Basic Luding model with spring constants for plastic
loading, unload/reload and tensile adhesion .

linear_viscoelastic_frictional_3D()

Elastic-frictional model with viscous damping

thermal_Blaze()

Model describing thermal behaviour dependent on fric-
tion and cohesion

1.6. Interaction Models
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1.7 Imposed conditions

This page displays all inherited members for each data type.

1.7.1 Classes

cube_deletion() Defines a cuboid shaped deletion region.

cube_insertion() Defines a cuboid shaped insertion region

insertion() Defines the general variables needed for all insertion
boundaries

periodic_box() Defines 3D-periodic space and its deformation rate

periodic_walls() Defines two parrallel planes enclosing a periodic space

stress_control_boundary() Defines a boundary or set of boundaries that may include

stress/strain servo-control algorithms

cube_deletion
class imposed_conditions.cube_deletion
Bases: object
Defines a cuboid shaped deletion region. All particles entering this region will be deleted

position: base_types.Vector3
[mandatory] the position of the deletion region

orientation: base_types.Quaternion
[mandatory] the orientation of the deletion region

extent: base_types.Vector3
[mandatory] the dimension of the box in the unrotated frame. The box spans from position-extent/2 to
position+extent/2, [L, L, L]

cube_insertion

class imposed_conditions.cube_insertion
Bases: imposed_conditions.insertion
Defines a cuboid shaped insertion region

extent: base_types.Vector3
[mandatory] the dimension of the box in the unrotated frame. The box spans from position-extent/2 to
position+extent/2, [L, L, L]
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insertion
class imposed_conditions.insertion
Bases: object
Defines the general variables needed for all insertion boundaries

position: base_types.Vector3
[mandatory] the position of the insertion region

orientation: base_types.Quaternion
[mandatory] the orientation of the insertion region

initial_volume: float
[mandatory] volume of particles that get’s inserted initially, V, [L?]

volume_flow_rate: float
[mandatory] volume of particles that get’s inserted per time unit, g, [L3 /T

velocity_min: base_types.Vector3
[mandatory] particles get a random initial velocity, uniformly distributed between velocity_min and ve-
locity_max, vmin, [L/T]

velocity_max: base_types.Vector3
[mandatory] particles get a random initial velocity, uniformly distributed between velocity_min and ve-
locity_max, vmin, [L/T]

particle_size_distribution: base_types.Vector3
[mandatory] particle size is distributed according to a certain volumetric particle size distribution, [—]

material: int
[mandatory] index indicating which material properties are given to the inserted particles, [—]

periodic_box

class imposed_conditions.periodic_box
Bases: object

Defines 3D-periodic space and its deformation rate

Attributes Summary

implementations

Methods Summary

shape()

velocity_gradient()
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Attributes Documentation

implementations: list = ['YADE', 'LAMMPS']

Methods Documentation

classmethod shape()
classmethod velocity_gradient()

classmethod shape()
[mandatory] defines the shape of the periodic pattern, H, [L]

classmethod velocity_gradient()
[mandatory] velocity gradient, D, [L]

implementations: 1list = ['YADE', 'LAMMPS']
periodic_walls

class imposed_conditions.periodic_walls
Bases: object

Defines two parrallel planes enclosing a periodic space

Attributes Summary

distance_left [mandatory] the distance of the wall from the origin
against the direction of the normal

distance_right [mandatory] the distance of the wall from the origin
in the direction of the normal

implementations

normal [mandatory] the direction normal to the planes

Attributes Documentation
distance_left: float =0
[mandatory] the distance of the wall from the origin against the direction of the normal

distance_right: float =0
[mandatory] the distance of the wall from the origin in the direction of the normal

implementations: 1list = ['MercuryDPM']

normal: base_types.Vector3 = None
[mandatory] the direction normal to the planes

normal: base_types.Vector3 = None
[mandatory] the direction normal to the planes

distance_left: float =0
[mandatory] the distance of the wall from the origin against the direction of the normal
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distance_right: float = 0
[mandatory] the distance of the wall from the origin in the direction of the normal

implementations: 1list = ['MercuryDPM']
stress_control_boundary

class imposed_conditions.stress_control_boundary
Bases: object

Defines a boundary or set of boundaries that may include stress/strain servo-control algorithms

Attributes Summary

bit_mask [mandatory] determines whether the imposed goal
values are stresses (0) or strains (1).

boundary_activate [mandatory] if True, this boundary moves according
to the target value (stress or strain rate), A [—]

boundary_id [mandatory] identifies the boundary to be con-
trolled, b;4, [—]

current_stress [mandatory] defines the current/measured stress,
Ocurrs [FL_Q]

gain [optional] if servo-control is used for stress, a gain
parameter (or more) may be provide to modify strain
rates, g, [—]

goal [mandatory] defines the desired/required stress,
Treq: [FL]

implementations

interval [optional] if servo-control is used for stress, an itera-

tion interval may be used to verify stress and/or strain
rates, Achecka [_]

max_strain_rate [mandatory] defines the maximum strain rate al-
lowed for stress/strain control, ¢, [T1]

strain_rate [mandatory] defines the current strain rate allowed
for stress/strain control, €.,

tolerance [optional] if servo-control is used for stress, a toler-

ance for comparison may be provided, o4, [—]

Attributes Documentation

bit_mask: int = None
[mandatory] determines whether the imposed goal values are stresses (0) or strains (1). Different values
for boundary pairs (or sets), b, [—]

boundary_activate: bool = None
[mandatory] if True, this boundary moves according to the target value (stress or strain rate), A [—]

boundary_id: int = None
[mandatory] identifies the boundary to be controlled, b;4, [—]

current_stress: float = None
[mandatory] defines the current/measured stress, 0 ey, [FL 2]
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gain: float = None
[optional] if servo-control is used for stress, a gain parameter (or more) may be provide to modify strain
rates, g, [—]

goal: float = None
[mandatory] defines the desired/required stress, or¢q, [FL~2?]

implementations: 1list = ['YADE', 'LAMMPS']

interval: int = None
[optional] if servo-control is used for stress, an iteration interval may be used to verify stress and/or strain
rates, Acheck, [—]

max_strain_rate: float = None
[mandatory] defines the maximum strain rate allowed for stress/strain control, ¢, [T ']

strain_rate: float = None
[mandatory] defines the current strain rate allowed for stress/strain control, €.,,..,-. This required for re-start
files, [T 1]

tolerance: float = None
[optional] if servo-control is used for stress, a tolerance for comparison may be provided, o407, [—]

boundary_id: int = None
[mandatory] identifies the boundary to be controlled, b;4, [—]

boundary_activate: bool = None
[mandatory] if True, this boundary moves according to the target value (stress or strain rate), A [—]

goal: float = None
[mandatory] defines the desired/required stress, 0r¢q, [FL~2]

current_stress: float = None
[mandatory] defines the current/measured stress, 0 ey, [FL 2]

max_strain_rate: float = None
[mandatory] defines the maximum strain rate allowed for stress/strain control, ¢, [T!]

strain_rate: float = None
[mandatory] defines the current strain rate allowed for stress/strain control, é.,,,.. This required for re-start
files, [T1]

bit_mask: int = None
[mandatory] determines whether the imposed goal values are stresses (0) or strains (1). Different values
for boundary pairs (or sets), b, [—]

tolerance: float = None
[optional] if servo-control is used for stress, a tolerance for comparison may be provided, oo, [—]

gain: float = None
[optional] if servo-control is used for stress, a gain parameter (or more) may be provide to modify strain
rates, g, [—]

interval: int = None
[optional] if servo-control is used for stress, an iteration interval may be used to verify stress and/or strain
rates, Acheck, [—]

implementations: 1list = ['YADE', 'LAMMPS']
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1.7.2 Class Inheritance Diagram

stress_control_boundary

periodic_walls

periodic_box

4

insertion

cube_insertion

cube_deletion

Detailed contents
class imposed_conditions.periodic_box
Bases: object
Defines 3D-periodic space and its deformation rate

classmethod shape()
[mandatory] defines the shape of the periodic pattern, H, [L]

classmethod velocity_gradient()
[mandatory] velocity gradient, D, [L]

implementations: 1list = ['YADE', 'LAMMPS']

class imposed_conditions.periodic_walls
Bases: object

Defines two parrallel planes enclosing a periodic space

normal: base_types.Vector3 = None
[mandatory] the direction normal to the planes

distance_left: float =0
[mandatory] the distance of the wall from the origin against the direction of the normal

distance_right: float =0
[mandatory] the distance of the wall from the origin in the direction of the normal

implementations: 1list = ['MercuryDPM']

class imposed_conditions.insertion
Bases: object

Defines the general variables needed for all insertion boundaries

1.7. Imposed conditions
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position: base_types.Vector3
[mandatory] the position of the insertion region

orientation: base_types.Quaternion
[mandatory] the orientation of the insertion region

initial_volume: float
[mandatory] volume of particles that get’s inserted initially, V', [L?]

volume_flow_rate: float
[mandatory] volume of particles that get’s inserted per time unit, g, [L3 /T1]

velocity_min: base_types.Vector3
[mandatory] particles get a random initial velocity, uniformly distributed between velocity_min and ve-
locity_max, vpin, [L/T]

velocity_max: base_types.Vector3
[mandatory] particles get a random initial velocity, uniformly distributed between velocity_min and ve-
locity_max, Umin, [L/T]

particle_size_distribution: base_types.Vector3
[mandatory] particle size is distributed according to a certain volumetric particle size distribution, [—]

material: int
[mandatory] index indicating which material properties are given to the inserted particles, [—]

class imposed_conditions.cube_insertion
Bases: imposed_conditions.insertion

Defines a cuboid shaped insertion region

extent: base_types.Vector3
[mandatory] the dimension of the box in the unrotated frame. The box spans from position-extent/2 to
position+extent/2, [L, L, L]

position: base_types.Vector3
[mandatory] the position of the insertion region

orientation: base_types.Quaternion
[mandatory] the orientation of the insertion region

initial_volume: float
[mandatory] volume of particles that get’s inserted initially, V, [L?]

volume_flow_rate: float
[mandatory] volume of particles that get’s inserted per time unit, g, [L3 /T1]

velocity_min: base_types.Vector3
[mandatory] particles get a random initial velocity, uniformly distributed between velocity_min and ve-
locity_max, Umin, [L/T]

velocity_max: base_types.Vector3
[mandatory] particles get a random initial velocity, uniformly distributed between velocity_min and ve-
locity_max, vmin, [L/T]

particle_size_distribution: base_types.Vector3
[mandatory] particle size is distributed according to a certain volumetric particle size distribution, [—]

material: int
[mandatory] index indicating which material properties are given to the inserted particles, [—]

class imposed_conditions.cube_deletion
Bases: object
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Defines a cuboid shaped deletion region. All particles entering this region will be deleted

position: base_types.Vector3
[mandatory] the position of the deletion region

orientation: base_types.Quaternion
[mandatory] the orientation of the deletion region

extent: base_types.Vector3
[mandatory] the dimension of the box in the unrotated frame. The box spans from position-extent/2 to
position+extent/2, [L, L, L]

class imposed_conditions.stress_control_boundary
Bases: object

Defines a boundary or set of boundaries that may include stress/strain servo-control algorithms

boundary_id: int = None
[mandatory] identifies the boundary to be controlled, b;4, [—]

boundary_activate: bool = None
[mandatory] if True, this boundary moves according to the target value (stress or strain rate), A [—]

goal: float = None
[mandatory] defines the desired/required stress, 0r¢q, [FL~2]

current_stress: float = None
[mandatory] defines the current/measured stress, 0 cyurr, [FL 2]

max_strain_rate: float = None
[mandatory] defines the maximum strain rate allowed for stress/strain control, ¢, [T~!]

strain_rate: float = None
[mandatory] defines the current strain rate allowed for stress/strain control, é,,,... This required for re-start
files, [T~1]

bit_mask: int = None
[mandatory] determines whether the imposed goal values are stresses (0) or strains (1). Different values
for boundary pairs (or sets), b, [—]

tolerance: float = None
[optional] if servo-control is used for stress, a tolerance for comparison may be provided, o4, [—]

gain: float = None
[optional] if servo-control is used for stress, a gain parameter (or more) may be provide to modify strain
rates, g, [—]

interval: int = None
[optional] if servo-control is used for stress, an iteration interval may be used to verify stress and/or strain
rates, Acheck, [—]

implementations: 1list = ['YADE', 'LAMMPS']
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