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CLEATED BELT CONVEYOR (EDEM)

Chapter

Overview

This tutorial covers how to perform co-simulation between the two software RecurDyn and
EDEM. RecurDyn covers kinematic analysis and flexible body analysis, and EDEM the
particle analysis using DEM (discrete element modeling). This tutorial will analyze the
behavior of particles according to the movement of a flexible body, using the two software.

The model to be covered in this tutorial is a cleated belt conveyor system, which transports
the particles coming in at a constant speed upwards along the slope. We will try to figure out
the velocity of the belt or the inflow of the particles that ensures maximum efficiency without
losing the particles.

Task Objectives

This tutorial covers the following topics:

» How to create walls for a rigid body and a flexible body through RecurDyn
» How to export a wall through RecurDyn

= How to find properties in EDEM

= How to create particles in EDEM

*» How to perform co-simulation in RecurDyn

* How to perform post-processing in RecurDyn and EDEM
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Prerequisites

* This tutorial is intended for users who have completed the basic tutorials provided with
RecurDyn. If you have not completed these tutorials, then you should complete them
before proceeding with this tutorial.

* The EDEM software must be installed to proceed with this tutorial. This tutorial was
created based on the version EDEM 2019.

Task

This tutorial consists of the following tasks. The following table outlines the time required to
complete each task.

(* The time required may vary depending on the specifications of the computer and the
proficiency of the user.)

Task Duration
(minutes)

Registering EDEM GUI on the RecurDyn ribbon 5

Simulating and analyzing the initial model 15
Creating and exporting a wall 5
Creating an EDEM model 10
Co-simulation 150
Analyzing and reviewing the results 10

Total 195
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Chapter

Registering EDEM GUI on the
RecurDyn Ribbon

The RecurDyn Ribbon GUI does not show the External SPI (EDEM) GUI by default. You
must add the GUI to RecurDyn using the Configuration XML file provided separately.

Task Objectives

In this chapter, you will learn how to add the External SPI (EDEM) tab to the GUI on the
RecurDyn Ribbon using the Configuration XML file provided by the EDEM software.

w

Estimated Time to Complete This Task

5 minutes
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Importing the Configuration XML File

To copy the EDEMV1_1_0.xml file:

Copy the EDEMV1_1_0.xml file located in the EDEM software installation path.
» <EDEM Install Path>\lib\EDEMV1_1 0.xml

To paste the file into the RecurDyn folder:

Paste the EDEMV1_1_0.xml file copied above into the following path:
» <RecurDyn Install Path>\Bin\Solver\CoSim\StdParticleInterface\EDEMV1_1_0.xml

To check the RecurDyn GUI:

When you run RecurDyn, you will see that an External SPI tab was created in the ribbon
GUI as shown below and an EDEM group was created in the submenu.

i OOoE el $ |- RecurDyn VeR4 - [Mc
Home SubEntity Analysis Professional Flexible Post Analysis T5G DrriveTrain Colink AutoDesign Communicator External SPI
- ] acialae H

C P BE JSHEAENEE FE

A7 il Fib: 23 < £ ) ] . L L £ '

7 i < I—:J A b - ® ol b -
Walls Export Settings = Connect Contour Trace Mass Profile Sensors  Animation Clip Contour

EDEM Post-Process

To check the path of Particle Solver DLL:

Check the path where the Particle Solver DLL file should be present.
1. In the EDEM group of the External SPI tab, click Settings.

2. When the dialog window appears, click the Info button.

Info x

Name | EDEM |

Developer |DEM Solutions |

Description RecurDyn - EDEM coupling

DLL Path I| C\Program Files\DEM Saolutions\EDEM 201 9’\.Iib'\.EDEMRecurDynCou;”

Output | Output\EDEM_%6.8d |
| OK | | Cancel |

You can check the DLL Path in the Info dialog window. This path is set to the default
installation location of EDEM. So, if you installed EDEM in a different path, you must
modify the DLL path in the Configuration XML file.
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Tip: Modifying the Particle Solver DLL path in Configuration XML file

(Perform it when the DLL path in the Info dialog window is different from the EDEM
installation path.)

1. Open the EDEMV1_1_0.xml file.

2. Modify the DLL path following <Path> as shown below.

<?xml wversion="1.0"72>
e first letters of names of elements are capitalized and names of attributes are written in lowg

2ny element for which support is optiomal must have the attribute "supported™ with the walue of "¢
If there are multiple supported options of an element, then the element can have an attribute to d

<1—— The names of elements in this file cannot be changed. -->

<'-— Configuration : reguired -->

Beguires the attribute "type" and "version"-->
<!-— The wvalus of the attribute "type" must be "Embedded" or "Independent” -->

<Configuration type="Independent" version="1010">
<l—— Details : regured -->
—] <Details>

<1—— Name @ reguired -->»

<1-—— This text will ke used as the name of Rikkbon Group icon in RecurDyn to identify this parti
<Hame>EDEM= / Hame>

<!—-— Developer : optional —-X
<Developer>DEM Solutions</Developer>

<1—— Description : optional -->
<Description>RecurDyn - EDEM coupling</Description>

<!-— Path ! reguired -->

<1—— The path of the

load to connect to the particle solver —-->
<1—— The pct> is set
<l—— 2.9, ZWProgram 18%1ib\EDEMRecurDynCouplingClientl 1.d11 —->
<Path>C: \Program Files\DEM Solutlons\EDEH 2019\11b\EDEMRecurDynCoup11ngﬂllent1 dl1</Path>

P AT S

3. Save the Configuration XML file.

4. After confirming that the Configuration XML has been modified successfully, restart
RecurDyn.
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Chapter

Simulating and Analyzing the
Initial Model

This tutorial provides a complete cleated belt conveyor model. Before proceeding with ED
configuration EM and co-simulation, we will simulate the MFBD model alone in RecurDyn
and analyze the model.

Task Objectives

In this chapter, you will simulate and analyze the cleated belt conveyor model provided by
RecurDyn.

w®

Estimated Time to Complete This Task

15 minutes
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Opening the Model

To copy the example model:
= Copy the SPI (EDEM) tutorial example folder provided by RecurDyn to an analyzable
location.

Folder path: <Install Dir>\Help\Tutoria\SPI\EDEM\CleatedBeltConveyor
To run RecurDyn and open the initial model:

1. On the Desktop, double-click the RecurDyn icon to run RecurDyn. The Start
RecurDyn dialog window will appear.

RecurDyn

When the Start RecurDyn dialog window appears, close it.
In the File menu, click Open.

In the CleatedBeltConveyor folder copied above, select
CleatedBeltConveyor_Start.rdyn.

5. Click Open. The model appears as shown in the following figure.
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To analyze the model configuration:

& 1. Click Layer Settings in the Render Toolbar.

2. In the Layer Settings dialog window, turn on and off each layer to analyze the model.

The following explains the configuration of the model.

A Layer Settings X

(®) Select Entity ) Highlight Entity

[2] Show User-Defined Layer ‘

Layer

E—

The model consists of a belt, frame, roller, tensioner, and container. Here, the belt is
modeled as a flexible body. The belt and roller consist with geo cylinder contacts and the
roller is rotated by motion.
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Performing Simulation
Run the simulation to help you understand the model system.

To run the simulation:

1. On the Analysis tab, in the Simulation Type group, click the Dyn/Kin icon.

«
DE":; The Dynamic/Kinematic Analysis dialog window appears.
yn/Kin

x 2. After verifying the simulation conditions, click Simulation.

= EndTime: 2
= Step: 200

To view the result:

= Under the Analysis tab, in the Animation Control group, press the Play button to
check if the system operates as shown in the figure below.

= The belt moves by the motion of Rev]ointl, which is attached to the upper roller. If you
plot the scope for Pos1_Relative of Rev]ointl, you can see that it rotates constantly at a
cycle of 1 second.

Properties of Revloint1 [ Current Unit : N/kg/mmys/deg ]

General | Connector| Joint

Type | Revolute |
Mation
'
{ilns!qu Wotiar Motion |

|—Ir1itial Conditions ‘

Motion
Maotion
Trpe | standard Motion [~]
A Scope_Revloint1_1 - 0O x
Bq. & s :\Z eﬂ - ,‘X jﬁ }\ B E Displacement [time) =
 Expression
= Pos1_Relative #1 Mame | Motion_Rot |
400.00 Expression
250.00 step(time-{PV_Time_Rot=PV_Time_Term)*0, 0, 0, PV_Time_Rot, |
300.00 - --‘ ’ PV_RotAngle]+
250.00 step(time-[PV_Time_Rot+PV_Time_Term)*1, 0, 0, PV_Time_Rat,
> 200.00 - PV_RotAngle)+
150.00 — - step[tirne-[P\c‘_Time_cht—P\c‘_Timle_Term]"Z,r 0, 0, PV _Time_Rot,
b PV_RotAngle)+
100.00 stepitime-[PV_Time_Rot+PV_Time_Term)*3, 0, O, PV_Time_Rot,
s0.00 PV_RaotAnglej= [+
0.00 <
0.00 0.20 0.0 0.50 0.%0 1.00 1.20 1.%0 1.60 1.0 2.00
Time
X: 99999, ¥: 0. ok || cancel
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Chapter

Creating and Exporting a Wall

RecurDyn and EDEM need a medium called wall to exchange data with each other.

Task Objectives

In this chapter, you will learn how to define the geometry to import from EDEM in RecurDyn
and how to export *.wall files.

w ™

o ;
Estimated Time to Complete This Task

5 minutes
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Creating walls

Note: What is a wall?
A wall is an entity that defines a geometry that is tangential to the fluid. RecurDyn receives
data on the external force received from the particle through the wall, and EDEM receives data

-.—_r::
e
e
L 1
|
%) :
n® |

—

on the movement of the geometry through the wall.

To define a flexible body as a wall, you must define a face to be a wall as a patch set.

To create PatchSet:

Enter the Flex Edit Mode of Shell_CleatedBelt.
In the Set group of the FFlex Edit tab, click Patch.
Click Add/Remove in the Patch Set dialog window.

1

2

3

4. Select all the patches.

5. Right-click the working window and click Finish Operation in the pop-up menu.
6

After verifying if No. of Patches are 5340 and click OK to create the Patch Set.

Patch Set [ Current Unit : N/kg/mm/s/deg |

External Patch Set

Add/Remove

Add/Remove (Continuous) | Tolerance (Degree)

D Check Reverse Direction
Add/Remave (Select Front}
Add [Node Set)

[ preview Normal

Mormal Adjust
Automatic [ Autoadiust | | Switch |

Manual | Select Target | | Switch |

No. of Patches 5340 Il
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In the Database panel, confirm that SetPatch2 appears.
7. Click Exit to exit the Edit Mode.

It creates walls in the belt, container, and frame that the particles come in contact with.

To create walls:

'f}:;’; 1. Inthe EDEM group of the External SPI tab, click Walls.
Walls 2. Click Shell_CleatedBelt.SetPatch2 on the working window.

Walll is created.

@ < Shell_CleatedBelt. SetPaich2
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3. Repeat steps 1-2 to create walls using geometries.
*  Frame.ImportedSolid15
*  Frame.ImportedSolid16
= Containerl.ImportedSolid1l
= Container2.ImportedSolid1

@ < Confainerl.ImportedSolid1

© < Container? IrnportedSolidl

1



Export
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To export a *.wall file:

In the EDEM group of the External SPI tab, click Export.

2. When the Export dialog box appears, locate the folder you want to save the file to and
click OK to save it.

In the saved folder, the EDEM.wall file and Wall1.obj, Wall2.stl, Wall3.stl,
Wall4.stl, and Wall5.stl are created.

Note:

The CAD information of the wall geometry is stored in the files *.0bj and *.stl. And the
EDEM.wall file contains information about the position and orientation of wall geometries
(*.obj, *.stl).

Geometry files always take information in the unit of Meter regardless of the system of units
of RecurDyn.

Tip: Performing standalone analysis with RecurDyn
After the wall is created, RecurDyn tries to perform co-simulation with EDEM when you

perform simulation. Therefore, it cannot perform simulation before EDEM is connected to it.
If you want to disconnect from EDEM and only perform a standalone analysis with RecurDyn,

deactivate the Connect condition.
%4 72
Connect Connect
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Chapter

Creating an EDEM Model

EDEM can generate particles in many ways. Among them, we will try to generate particles on
the belt using the method of generating particles at a constant speed.

Task Objectives

In this chapter, you will learn how to set particle properties and how to create particles using
the material models provided by EDEM.

BN

<’ Estimated Time to Complete This Task

10 minutes



EDEM Creator

To execute EDEM and set RecurDyn coupling:

Execute EDEM.exe.

CLEATED BELT CONVEYOR (EDEM)

2. After executing EDEM, select Tool > Options.

i Project
&9 Bulk Material
V/,_ Equipment Matena!\

~

W Physics

Environment

, B
G

8 EDEM Creator - New EDEM input deck - O X
File = Tools View Displays Help
J License Management... Ll Displa o~ v
o © ¢ v B (ot | RO R @ ] oo B 51 (@) # 20
Creator Tree 7 Time: 0 s

— | 7

Change the unit settings to match the values entered when simulating the EDEM model

later.

3. When the Options dialog window opens, | oston rox
click the Set All to SI button on the Units  PartideDisplay  Fie Locatons  Mouse Configuration  Display Options  Data Browser 4581
Units tab to reset the system of units. s

Acceleration: mfs? * | Moment of Inertia: kgm2 hd
4. Change the units of angle, length, and ange: pressre: = -
velocity as follows. gulr Acceeratons redls? v Sheatosds:  |pa -
Anguler Velodity: radjs v Stiffiess: Njm -
- Angle: deg Charge: c ¥ | Stiffness per Unit Area: | Njm? -
- Length: mm Density: kafm? v | Stress: Pa hd
Energy: ] ¥ Temperature: K -
n velocity: mm/s Force: N > Time: ] -
Frequency: He v Torque: Nm -
Heat Flux: w v velocity:
Leng ] e - .
Mass: ka * | Wark Function: 1 hd
Mass Flow Rate: kgfs v
5. Turn on the RecurDyn Coupling H options ?oX

option in the Coupling Options group
of the Additional Components tab.

If you do not enable this option, you will
not be able to import * .wall files
exported from RecurDyn later.

6. Click OK.

Display Options ~ DataBrowser  Section Options  Simulator Engine  Additional Components 4

Coupling Options

RecurDyn Coupling

[] abaqus Coupling

Import Options
[ 1ota Suite Pre bed
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From the GEMM database provided by EDEM, find and import an appropriate input deck
corresponding to the particle properties.

Tip: GEMM (Generic EDEM Material Model) Database

The GEMM database contains thousands of material models representing a wide range of
materials including rocks, soil, ore, etc. Users can download input decks for EDEM simulation
from the vast amount of material information in the GEMM database.

7

7 Equpr & Open GEMM Wizard Ctrl+G
1. In the Database panel, right-click Bulk [E] Geormy #,  Add Bulk Material Ctrl+B

Material and click Open GEMM Wizard. E'“)‘Fi‘ % Transfer Material.. Ctrl+T
b u nviro 0

To create material:

i . i i Help F1
A Material Wizard dialog window appears. % Expand Al R
E2  Collapse All Crl+-

2. After selecting Search by Material Properties,
click Next.

Material Wizard

Welcome

‘Generic EDEM Material Model (GEMM) Database 2 9
‘Welcome to the Generic EDEM Material Model (GEMM) b,

Database, a world first in Discrete Element Modelling.

The GEMM datzbase addresses one of the key challenges of

DEM simulation: getting suitable material inputs for accurate
representation of buk materials. GENERIC EDEM MATERIAL MODEL DATABASE

The GEMM database contains thousands of material models
representing a wide range of materials such as rocks, sois and
ores. Itis particularly suted for engineers in the mining,
construction and agriculture industries who design heavy
equipment handiing such materials.

Users can take advantage of the huge wealth of material
information within the GEMM database to see example materials
and import materias to use in their EDEM simulation just by
answering 3 questions about the Bulk Material and ane question
about the Equipment Material.

The following steps quide the user o a suitable material
xample.

Search Options

Search by Material Properties ()

Search by Material Name O

3. After selecting Small: Back hoe, Screw auger
or small-scale mixing equipment, click
Next. What scale is your application?

‘The size of the material is very important when looking at ful-scale applications. The EDEM material needs to be scaled
correctly so the buk material behaviour s realistic while also allowing the simulation to run in as short a time as possible.

€ Material Wizard

Ineed to simulate the following quantity of material:

[Small : Back hoe, screw auger or small-scale mixing equipment @]

Medium : Front end loader or small transfer chute O
Large : Industrial grinding/SAG mil, dump truck body or large transfer chute O

Extra Large : Dragine bucket or full material bed for excavator O

==
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4. After selecting >2000kg/m~ 3, click Next. v

€ Material Wizard

What is the Bulk Density of your material?

EDEM Material Models are avaiable in a range of pre-determined bulk densities to allow the user to select a material close
to their own material.

Bulk Density kg/m?

) o &
« ,;,0@ S
PR

Ineed a bulk density in this range:

< 15:“;9(:/;'; O 1000-1500kg/m* O 1500 - 2000 kgjm> O

Cancel

5. Enter 40 for Angle and click Next. X

€ Material Wizard

What is the angle of repose of your material?

A siump test is used to estimate the angle of repose of material. If you don't have data avalable for your material it can
easily be estimated from stockpiles or by a simple experiment.

Whatis the angle of repose of your material?

Angle (0 - 60)° [To.00° B

Cancel
? X
6. Select the material displayed on the first row ¢ Mot
and CI ICk NeXt- Generic EDEM Material Model (GEMM) Retrieval

Friction Friction

105 055 0.05 056 40
21 015 0.05 068 40
1575 015 02 044 40
105 015 0 02 40
0 0.5 01 0.8 40
il 013 0.05 092 40
105 055 0.05 0.8 40
525 015 01 0.8 40
0 075 0.05 082 40

Cancel
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7. After selecting Medium Wall Friction, click P
Fin iSh € Material Wizard
Results
Selected Material: GEMM_partide_material_2191
Slump Test Details Partide Material Details
Property Value Property Value
Mean Angle (degrees) 40.00 Measured Bulk Density (kg/m?) 2232.50
Left Angle (degrees) 40.65 Coefficent of Restitution 0.55
Right Angle (degrees) 39.35 Coefficient of Static Friction 0.56
Coefficient of Rolling Friction 0.20
JKR Surface Energy (J/m?) 0.00
Indlination Test Details
Property Low wall Fricton [] | Medium wall Friction Hiigh wall Friction []
Coefficent of Restitution 0.50 0.50 0.50
Coefficent of Static Friction 0.45 0.70 1.00
Coefficent of Rolling Friction 0.15 0.15 0.15
KR Surface Energy (J/m?) 0.00 0.00 0.00
=

Bulk Material is the property value applied to the particles and Equipment Material is the
property value applied to the wall. Materials with the input values matching the properties
selected above are added respectively.

You can see that GEMM_particle_material_2191 £ Project _
and GEMM_geopetry_material_2191_medium |~ @ fulkWsters

- - b GEMM_particle_material_2191
are added to Bulk Material and Equipment v BB Equipment Materis]

Material in the Database panel as shown in the B GEMM_geometry_material 2191 medium

] H D Geometries
figure on the right. 3 Phycice

@ Environment
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The child of GEMM_particle_material_2191 contains the particle information
GEMM_particle_2191. Try changing the size of the particle by modifying the Property

value.

To modify the particle shape:

1. Click Bulk Material >
GEMM_ particle_material_2191 >
GEMM_ particle_2191.

2. Click Modify Shape.

3. After clicking Triple Sphere, increase the Physical
Radius to up to 7Zmm.

Make sure that sphere0Q, spherel, and sphere2 are all
7mm as shown in the figure below. If the values are
different, modify them as shown below.

GEMM_partice_2191 Spheres

[ Edit Contact Radius

Creator Tree

Position X Position Y Pasition Z Physical Radius
Name
(mm] (mm] (mm] (mm]
1 sphere -4.97 -2.87 ] 7
2 sphere 1 4.97 -2.87 0 7
3 sphere 0 5.74 0 7

£ Project
v @ Bulk Material
~ @8 GEMM_particle_material 2131
~ [P GEMM_particle_ 2181 |
Size Distribution
Properties
v VA Equipment Material
VA GEMM_geometry_material_2191_medium
D Geometries
:'i Physics
Environment

Adijust Settings
Radius

Sphere Separation
X

Y

Adjust Settings
Radius
Sphere Separation
v
' v

Shape Library

—

Single Sphere Dual Sphere| Triple Sphere [Square Four

Straight Four

This finishes the process for setting particles. Now, you have to import the wall exported from

RecurDyn to EDEM.
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To open the RecurDyn wall: Creator Tree )
ﬁ Project
1. In the Database panel, right-click Geometries v 8 ;”‘G'”E";t;”a' il material 2161
. hd _particle_material_.
and click Import Geometry from RecurDyn. v @ GEMM_particle 2191
Size Distribution
Properties

v VA Equipment Material
VA GEMM_geometry_material_21 91_medium.

v Ger
uu! EL Add Geometry 4
}{ Phy I:_L Import Geometry... Shift+G
2. Open the EDEM.wall file exported from [ emLL_import Geometry from RecurDyn
RecurDyn. 0 rep i
=  Expand All Ctrl++
B Collapse all Ctrl+-

3. When the Import Options dialog window appears, set Choose

. N E Import Options ? X
Units to Meters and click OK.
Choose Units: | Meters hd
(As mentioned above, geometry files of the walls exported from
RecurDyn are written in the unit of Meter.) —
4. When the Geometry Import Parameters dialog window I8 Geometry Import Parameters 7 X
appears, click OK. Actons
Repalr
Transform/Defeature
[+] Flzvaring
Method
(® Curvature () Quality
Facet Options
Input
(®) Percentage () Model Units
Sag: 5 2 % [ Default
You can see that 5 walls are imported to the Database
panel as shown below. p—

Creator Tree 5 x

i Project
hd :ﬁ Bulk Material
v @3 GEMM_particle_material_2191
v W GEMM_particle_2191
Size Distribution
Properties
A % Equipment Material
VA GEMM_geometry_material_2191_medium
hd Geometries
s Walll
& Wall2
s Wall3
& Walld
Wall3
ul, Plugin Factories
}{ Physics

Envirenment

B0 A
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To define the zones created by particles:

1. In the Database panel, right-click Geometries and click Add Geometry>Polygon.

hd VA Equipment Material
VA GEMM_geometry_material_2191_medium

A Geometrie
T Wallt 1 1 Add Geometry D |$ Box Shift+B
[, walz EL Import Geometry... Shift+G [ Cylinder Shift+C
QWEM q Import Geometry from RecurDyn |O Polygon Shift+L
%Wa”“ @ Help F1
Walls
J, PIZginF""-' Expand All Chrl++
K Physics Collapse All Ctrl+-

E Environment ‘ H

Under Geometries, New Section 5 is created.

2. Under New Section 5, click Polygon to change its shape and position.

= Center Rectangle
- X: 340mm Mumber of Edges: |4 = |
- Y:-90mm Center: Rotation:
i [340 mm 2] [s0deg 2]
" Z: Omm ¥z |-QD mm = | |D deg = |
»= Rotation z  |oom 3] 120 deg 3
= X: 90deg
* Y:0deg e
Edge A: |40 mm =
= Z:120deg Edge B:

* Length
» Edge A: 40mm
» Edge B: 150mm

As shown in the figure on the right,
New Section 5 is defined under the
belt.
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After clicking New Section 5, change the type as N

Virtual.

Type must be changed to Virtual to create a

Volume: |Surface

Type: | Virtual

factory. (A factory is an entity that defines particle Material

generation.)
v D Ei_eometries_
. . . [E, wall
In the Database panel, right-click New Section 5 L wall2
; [EL walz
and click Add Factory. B v
Under New Section 5, New Factory 1 is fq L":h'\'fsmim :
Created. uutPIuglnFa E_l\ Rename Geometry Ctrl+R
}':. Ph)‘.SiCS % Copy Geometry 4
E Environment EL Delete Geometry Del
m, Merge Geometry... Shift+M
[4;  Add Factory Ctrl+F
/3 Add Kinematic C
Add Material Bed Alt+B
€ Help F1
= Expand All Ctrl++
EE  Collapse &l Ctrl+-
Click New Factory 1 to modify as follows: Particle Generation
. . Factory Type: dynamic
*» Particle Generation
- Unlimited Number () Total Number: 1000 =
O Total Mass: 100 kg =

= Target Number (per second): 50
With these settings, 50 particles are generated per

second at the Polygon location.

. Parameters

*» Velocity: Fixed

It has a constant initial velocity when particles are
generated. Try to modify the initial velocity of the

particles.

Generation Rate

Start Time:

Max Attempts to Place Partide: |ZD

50

(® Target Number {per second) () Target Mass

[1e-125

Click Config next to Velocity under Parameter.

In the Velocity Fixed dialog window, modify X to -300mm/s.

Click OK.

Parameters
Material: GEMM_particle_material_21¢ =
Parameter Option Config
Position random A c
Velocity fixed v| #
Orientation random = #
Angular Velocity fixed < #
B velocity - Fixe... ? x
X: |-300 mm/fs =
"
Z: |0mm/fs
o
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The Gravity of EDEM should be aligned in the same direction as RecurDyn.

To set gravity:
i }{ Physics
1. In the Database panel, click Environment. Environment
2. Modify Gravity as follows.
Domain
- X: o m/s2 Min: Max:
- Y: -9.81 m/sz X: |-551.46 mm 2] [s17.46 mm 5]
¥ ‘-393.6142mm = | |281.038me s |

. Z: 0 In/S2 z: [-163.2mm 2] [s3.2mm

Auto Update from Geometry

Gravity

X ‘D mfs?

Y: ‘-9.81 mfs?

Al {[a]e]f [+

Z: ‘D mfs?

To save the model:

» This completes all the settings related to particle generation in EDEM Creator. Save the
EDEM model.
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EDEM Simulator

Now, set the elements related to the analysis.

To set the simulator:

Click the Simulator icon in the ribbon menu.

"
(1 ]

2. Turn off the Auto Time Step option in the Time
Step pane.

Set the Fixed Time Step option to 30%.

Set the Cell Size option to 3R in the Simulator
Grid pane.

To activate coupling:

Ji

= When activated, it changes as shown below.

Simulator Settings

=

m

Time St=p

Time Integration

[ Auto Time Step

Fixed Time Step:

Simulation Time
Total Time:
Required Iterations: 9.81e+03

Data Save

Target Save Interval:

Synchronized Data Save:

Data Points: 100
Iterations per Data Point: 99

[ selective save

[ output Results

Simulator Grid
Smallest Radius (R min):

[ Aute Grid Resizing

Cell Size:

Approx. Number of Cells:

Euler

Rayleigh Time Step:

<

0.00033977 5

|| 30%

|U.EIUEI 101932396548 5

|ls

0.01s

0.0101

4.9 mm

Estimate Cell Size

||3 R min

|14.7mm

84640

» Click the Coupling Server icon at the top right of the ribbon to activate it.

You are now ready for co-simulation. EDEM must be turned on for co-simulation with
RecurDyn. Proceed to the next chapter with the program turned on.
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Chapter

Co-simulation

In this chapter, we will perform co-simulation using RecurDyn and EDEM to analyze the
dynamic model and the behavior between particles.

Task Objectives

In this chapter, you will learn how to perform co-simulation in RecurDyn.

®f3
~

m,L
o

BN,

Estimated Time to Complete This Task

150 minutes
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Co-simulation

To perform co-simulation in RecurDyn:

Run RecurDyn and open the model you saved in Chapter 4.

2. In the EDEM group of the External SPI tab, activate the Connect option.

Al

Connect

Dynamic/Kinematic Analysis X

é 3. In the Simulation Type group of the Analysis tab, click Dyn/Kin.
a
"E”"J 4. On the General tab, modify as follows.
Dyn/Kin .
. = EndTime: 10

= Step: 1000

5. On the Parameter tab, set Maximum Time
Step as 1.e-004.

6. Click the Simulate button.

RecurDyn and EDEM perform the co-
simulation.

To view the result:

= On the Analysis tab, in the Animation
Control group, click the Play button to view
the animation.

General |Parameter I Initial Condition |

End Time 10 [P ]
E—

|:| Output File Mame

Plot Multiplier Step Factar 1. [P |

Dynamic/Kinematic Analysis *x

Maximum Time Step ||1.e-004 ||

Parameter | |nitial Condition

Initial Time Step [1.e-006 [[pe]

Error Tolerance |5.E-DD3 |

Integrator Type |ADVH‘r’B RID | - |
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EDEM Analyst

Try to replay the result analyzed by EDEM.

To set the simulator:

E 1. Click the Analyst icon in the EDEM ribbon menu.

Time: 9.99995 5

/
A ,t

StEDEy: AnimaﬁanType:‘Haybachpeed 'Hl V|x | Scheduler ‘ EE H M E ] HE‘

‘EDEM"

?

Animate forwards

2. Click the Jump to start icon to move to 0 frame.
3. Click Animate forwards to replay the animation.

You can see the same animation as in RecurDyn.
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Chapter

Analyzing and Reviewing the
Results

In this chapter, we will analyze the results from Chapter 6 using the Post Tool of RecurDyn.

Task Objectives

In this chapter, you will learn how to use the SPI Post Tool in RecurDyn.

BN,

/ Estimated Time to Complete This Task

10 minutes
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Post Process

Analyze the results using the Particle Post function provided by RecurDyn.

To create particle sensors:

- 1. In the Post-Process group of the External SPI tab, click Sensors.
A
o The Particle Sensor dialog window appears.
Sensors
Click Add Box.
Enter the following information.
= EDEM_1
= Ground

= =540, 330, -160
= 606,-387, 160
P_Sensor1l is created.
4. Moaodify the color of P_Sensorl to Blue.

Again, click Add Box.

Enter the following information.
= EDEM_1
= Containerl
= =530, 110, -150
= =370, -60, 150

P_Sensor2 is created.

7. Modify the color of P_Sensor2 to Red.

Again, click Add Box.
9. Enter the following information.
= EDEM_1
» Container2
= 366,-270, -150
= 596,-377, 150
P_Sensor3 is created.

10. Modify the color of P_Sensor3 to Green.
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11. Click Update.
12. Click View of P_Sensorl and P_Sensor2 to display the Scope.
13. Click OK.

Particle Sensor X

]

| Mame ParticleSet Reference Frame | Property Parlil:le_ Viewer
P Sensorl EDEM_1 cround  F|  Box prop. ||| cl| view
P_Sensor2 EDEM_1 Containerl ﬂ Box m
P Sensor3 EDEM_1 Container2 ﬂ EBox M

<7

[Add sphere | || AddBox || [ Delete
Ok || Cancel || Apply |

Three box-shaped sensors are created in the same position as shown in the figure. If you
replay animation, the sensors will be highlighted when a particle enters the box.




Analyze the Scope results of the Viewer.

First, the result of P_Sensor1 is the
number of particles in the entire space,
which shows the rate of particle
generation and inflow. You can see that
the value is about 50/sec. and matches
the generation rate entered in EDEM.

The result of the second P_Sensor2 is
the number of particles being carried by
the belt and entering Containerl.

The result of the last P_Sensor3 is the
number of particles entering Container2
instead of being carried by the belt.

CLEATED BELT CONVEYOR (EDEM)

A Particle Sensor Viewer

= G ke |D R Y]

Name P_Sensort

1cton

10.0

A Pparticle Sensor Viewer

I EEEE!

150.00
140.00 -

120,00 -

120,00 -
110,00 -

100.00 -

90.00 -

80.00 -

> 70.00-

60.00 -

50.00-

40.00-

30.00-

20.00-

10.00 -
0.00-

-10.00

0.00 1.oo  z.to

5.00
Time

Name P_Sensor2

5.00

s.00  10.00

A Pparticle Sensor Viewer

= B k|0 Y

9.00
8.00 -

7.00 -

6.00 -

5.00 -

> 4.00 -

3.00 -

2.00 -

1.00 -
0.00 -

-1.00
0.00 1.00 2.00

Name P_Sensor3

For reference, in EDEM, particles are set to have a random position and orientation when
they are created. Therefore, the results can be slightly different from the results shown

above.

Thanks for participating in this tutorial
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