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Outline

• DEM Solutions profile
• Why use Discrete Element Modelling (DEM)?
• Industrial application of EDEM

o Standard EDEM application

o EDEM simulation of Particle-Structure Interaction

o EDEM simulation of Particle-Fluid Interaction

o EDEM simulation Particle-Electromagnetic Interaction

• EDEM-MSC.Easy5/ADAMS coupling
o EDEM-Easy5

o EDEM-Easy5/ADAMS
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Business focus
• Providing world leading Discrete Element Modelling 

software to industry
• Providing high quality applications support to customers
• Advancing our DEM technology to meet the needs of 

customers

Expertise
• Developers with leading-edge DEM and DEM-

continuum coupling know-how
• Wide range of experience in application of DEM to 

industrial particulate processes
• Working with customers to implement DEM simulation 

into their CAE processes.

Company profile



4

� �

�
�

�

�

�

� �

�

�

Distributor

Office

Lebanon, NH
Edinburgh (HQ)

London

South Africa
Brazil

Chile

India China

Korea
Japan

Australia

Spain

Scandinavia

Germany

Singapore

Global presence
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Characteristics of bulk particulates

• Mechanical behaviour depends on the 
particle properties and interactions

• Exhibits both solid and fluid-like properties

• Real particulate materials cannot be treated 
as a continuum w/o accounting for particle-
scale effects.

• A particle-scale model is required to 
represent the local discontinuities

• Lagrangian method such as Discrete Element 
Method provides a solution
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Discrete Element Method (DEM)

• Solves at the particle scale
o Models the dynamics of each particle
o Accounts for particle size, shape and mechanical 

properties
o Momentum, heat and mass exchange at contacts 

between surfaces (particles, boundary surfaces)

• When coupled with continuum solvers (e.g. 
FEM, CFD, RBD, EMAG) provides a solution 
for:
o Particle-Structure Interaction
o Particle-Fluid Interaction
o Particle-EMAG Interaction
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DEM computational cycle

Track each 
particle and 
boundary element

Detect contact
between elements

Calculate contact forces on 
each particle

Calculate body 
forces acting on 
each particle:
gravity, fluid drag, 
electrostatic, …..

Update particle acceleration 
and velocity

Update particle and boundary
element positions
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What information can DEM provide?

SegregationMixing dynamics

Heat transfer

Breakage

Granulation

Particle-machine 
interaction

Fluidization

Bulk

Mechanical energy 
consumption

Residence time/ 
hold-up

Damage/attrition

Pneumatic transport

Surface coating

Agglomeration

Bridging

Uniformity of flow

Erosion

Particle-boundary contact forces

New particle formation

Particle kinematics

Particle-particle contact forces

Particle size/mass/temperature

Particle

DEM results

Particle body forces: gravitational,
fluid, electro-magnetic

Many more particulate phenomena
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• Multi-purpose DEM software
• GUI-driven workflow

• Programmable Applications Interface

• Generic and native CAD import
• Multi-core parallel solver

• Couples with CFD, FEA and MBD
• Common mesh

• Momentum exchange

• Heat exchange

• Control of kinematics

• Run-time visualisation

• Data extraction tools
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Examples of industrial 
application of EDEM
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Industries using EDEM
• Mining and construction

• Automotive & aerospace
• Materials & minerals processing

• Printing
• Chemicals

• Pharmaceutical
• Oil & gas production

• Energy
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Standard EDEM application

EDEM Simulation
• Drum: diameter 8 ft, length 45 ft

• Throughput: 400 tons per hour of 
aggregate rock

• Ideal mixing = each rock particle 
coated with liquid asphalt cement

• Mixing is a function of residence 
time and unique particle contacts

Objectives
• Visualize material behavior 
• Identify modes of poor mixing
• Identify potential size segregation
• Inform design improvements

Liquid 
asphalt 

in

Aggregate 
rock 

in

Mixed asphalt out

Hot Asphalt drum mixer Lifter design and 
orientations

Courtesy:  Astec Inc (USA)
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Standard EDEM application

Earth & rock moving machinery
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Particle-Structure Interaction (PSI)

EDEM simulation
• Velocity of shot and spray angle varied to 

determine optimum settings for use in 
fabrication of parts

Objectives
• Energy imparted to turbine geometry 

calculated and used as measure of 
effectiveness of treatment

• Identification of optimal parameter 
combinations allowed the operational 
efficiency of the process to be improved

• Improved fatigue life of components

Impact energy after one pass

Shot peening of turbine blades
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Particle-Fluid Interaction (PFI)

EDEM-CFD Co-simulation
• Particles are input at the top of the model at 

a set mass flow rate.

• Fluid velocity is high enough to mix the 
particles and prevent them from leaving the 
base of the domain.

Objective
• Find fluid flow velocity at which particles will 

remain suspended above the gas inlet

Gas inlet 

V=50 m/s

Gas inlet 

V=60 m/s

Counter-current gas-solid flow
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Particle-Fluid Interaction (PFI)

EDEM-CFD Co-simulation
• Modelling the transportation of assemblies 

of flexible bonded particles in a fluid

Objectives
• Investigation of break-up of bonded 

particles relative to bond strength and fluid 
flow rates

• Prediction of blockages relative to size of 
opening, flow rate and material properties

Blockage of an opening by a 
deformable clump
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Particle-Electromagnetic Interaction (PEMI)

EDEM simulation
• Particles tribo-charged through frictional 

contact with equipment surface and each 
other

• Addition of screened long-range 
electrostatic forces between particles and 
geometry

• Variation of materials produces different 
charge values

Objective
• Model used by NASA in design of dust 

mitigation devices for use in lunar 
environment

Tribo-charging of particles
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Simulation of 
Particle-Structure Interaction 
using EDEM-Easy5/ADAMS 

Co-simulation
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Example: Bucket loading

Modelling objectives
Improve bucket design & provide 

data for hydraulic control system
What is effect of:

• Bucket geometry
• Bucket kinematics
• Particle properties

(Also couple with hydraulic control 
model)

Value
• Better bucket design
• Smarter” bucket control

Bucket loading  of aggregate rock  
(Courtesy: Deere & Co, USA)
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Force transient
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Need for EDEM-ADAMS coupling

• Coupling is used when machinery responds to loading by 
the granular material

• In construction and mining machinery examples include the 
movement of backhoes, digger buckets and draglines.

• EDEM is currently coupled with MSC.EASY5/ADAMS
• MSC-Easy5 is coupled in between EDEM and ADAMS to 

add hydraulic control to the MBD simulation.
• This enables linking all the aspects of particle-structure 

interaction:

particulate material            machine design

machine dynamics
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EDEM-Easy5/ADAMS Coupling

Body Pos / Vel vs. Time

Body Reaction Forces

Easy5
- Control system
- Hydraulics
- Electrical Systems
- User Subroutines
- Code Coupling

ADAMS
- Bucket Dynamics
- 3D Body-Body Contact
- Chains
- Ropes & Pulley’s
- Motor Torque
- Boom Flexibility

EDEM
- Particle to Body Contact
- Inter-Particle Contact
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EDEM – Easy5 Coupling

• The server controls the 
exchange of data between 
EDEM and Easy5

• Data is only exchanged at 
predetermined time steps

• EDEM exports:
• Forces on geometry
• Moments on geometry

• Easy5 calculates and returns:
• Linear velocities
• Angular velocities

EDEM Easy5

Coupling Program
(Server)
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EDEM Process – Simplified 

Update Particle Positions

Calculate Forces on Geometry

Move Geometry
Advance a 

DEM 
time-step

EDEM

Easy5
Calculate
Geometry
Velocities

SERVER
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EDEM Setup

• Coupling must 
be enabled

• Assign control 
of geometries 
to Easy5
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EDEM-Easy5 Simulation
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EDEM-ADAMS Coupling Examples
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EDEM-ADAMS Coupling
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EDEM-ADAMS Coupling Example

Dragline bucket

• The bucket is pulled off of the stand into the particle bulk.
• The dynamics of the bucket are calculated in response to the 

applied load ANDthe load exerted by the particles. 
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EDEM-ADAMS Coupling Examples

Dragline bucket

Contact forces acting on the bucket during travel
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EDEM-ADAMS Coupling Example

Particles colored by 
force

Particles colored by 
velocity
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EDEM-ADAMS Coupling Example

Variation in particle 
bulk configuration has a 
large effect on the 
bucket dynamics.
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EDEM-ADAMS Coupling Example

Filling efficiency can 
also be predicted
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Summary

• EDEM is powerful tool for 
solving industrial 
particulate handling and 
processing problems

• It couples with MSC multi-body dynamics and 
control tools to simulate coupled particle-
structure dynamics problems.

• EDEM can also couple with FEA tools for stress-
strain analysis of structures subject to both static 
and transient loading by particles.
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For more information see our web-site:

www.dem-solutions.com


