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Introduction

Originaly developed in 1995 by Dr. Andrew |. Hustrulid to model material flow in
conveyor belt transfer chutes, cHutemaven '™, amodel based on the discrete element
method is now available for use by engineering firms. This program allows the user to
easily interface AutoCAD drawings into the DEM Maven™ for running simulations of
different material flow capacities and chute designs before committing large resources to
building transfer stations that may have some “unforeseen” problems.

Features:

Quickly and easily import chute, belt and injection point geometry from
AutoCAD DXF files.

3D Faces, lines, and circles are used to define required geometry.
Use AutoCAD mesh surfaces to create complex surfaces.
Handle AutoCAD drawings in US units (inches) and international units (mm).

Frozen AutoCAD layers are not imported. Off layers are imported and can be
displayed but are not modeled in the ssmulation. This alows the designer to
maintain other construction geometries in the AutoCAD file.

Specify material properties, belt speeds, and friction coefficients. Boundaries can
be turned on and off during the simulation allowing the designer to start flows
from feed chutes.

Maximum and minimum particle diameter, particle density, contact friction,
contact restitution and the percentage of particles allowed to rotate (from 0-100%)
are easily defined.

The time starts and stops for material injection are defined. This allows the
designer to quickly fill rock boxes.

The time boundaries are present and disappear are defined allowing the designer
to open chute boxes.

While the ssimulation is running a temporary file is output so the designer can
review the ssimulation progress without interrupting the simulation.

An estimated simulation completion time is continuously updated so the designer
can plan future smulation runs.

In reviewing the results the speed and particle pressure can be displayed.

Cut and paste to a spreadsheet the particle positions, speeds, and forces for any
frame. Also export the maximum speeds, kinetic energy, and potential energy to a
Spreadsheet.

Create arestart file from any point in the simulation to “seed” the next design
iteration.

Velocities automatically assigned to belt surface.



Unlimited number of injection locations.
Output average forces on each boundary.

Three-dimensional review of the resultsin a professional viewer. Step through the
results one frame at atime or quickly get to the information needed by stepping
forward and backward in 1 second intervals.

Pan, Rotate, and Zoom the model in 3 dimensions to see exactly the vantage point
needed.

Create videos (AV1s) and capture bitmap images from any vantage point.

Design Steps

The design steps are logical and easy to complete. If the chute is aready designed in 3
dimensionsin AutoCAD, the additional work required to run asimulation is minimal.
Typical simulation steps are:

1. Draw chute, pulley, and belt geometry in AutoCAD using 3D Faces, lines, and
circlesin inches.

| mport into Chute Maven™ software.

3. Sdect material properties, tonnage, belt speed, friction coefficients in easy to use
dialog boxes.

4. Savefiles and run the ssimulation.

5. Step through the results in 3 dimensions, create AVI’s of the material flow and
decide on improvements to the chute design.

Entering the Model Geometry

The transfer chute geometry is created and maintained in AutoCAD. The belts, pulleys,
chutes, and material load points are all defined. How these different items are defined is
discussed in this section.

Different layers are used in AutoCAD to identify separate items and group them together.
Reserved layer identifiers include “Belt”, “Pulley”, and “Injection”. The use of these
identifiers is discussed in this section.

Layers that are Frozen in the AutoCAD model are not imported into the Chute Maven™
software. Layers that are Off are imported but not modeled in the smulation. The user
has the ahility to toggle the display of Off layers in the Chute Maven™ software.

The DEM Maven™ software assumes that the zaxis is up. Gravity will act in a negative
z direction. The geometry dimensions of the model should be in inches.

Care should be taken that points properly match up between surfaces and are not just
“close enough”. “Close enough” can cause material spill in the model and materia to
bounce as it encounters the artificial discontinuity in the model.



Defining the Belt
In asimulation you may have one or more belts with material entering the model and one
or more belts taking material away. There is no limit to the number of belts the

simulation can handle. However, since we are primarily interested in the flow through the
chute, only the end of the conveyor belt should be modeled.

Each conveyor belt in the ssimulation must be defined with unique layersin AutoCAD.
The name of the layerswith the belts must start with the word “Belt” followed by a
space. For example “Belt 1” or “Belt Incoming’”.

Incoming belts should be modeled with six “3D Face” surfaces. Three surfaces make up
the belt at full trough depth and three surfaces represent the transition from full trough
depth to being flat on the pulley.

3D Face surfaces are defined in AutoCAD and can have 3 or 4 vertices.

Care should be taken in determining (1) the tangent point with the pulley and (2) the
proper trough depth relative to the pulley. This attention to detail is required to obtain the
correct trgjectory coming off the head pulley.

The geometry making up atypical incoming belt is shown in Figure 1.

Figure 1 Example of Incoming Belt

The length at full trough depth needs to be long enough to get the material up to speed
but not excessively long since this wastes ssimulation time.

Next a line in 3D space must be drawn on the layer representing the belt to define the
direction the belt is traveling. The line should be defined in the direction of belt travel —
starting at the load point and ending toward the discharge pulley. The direction in the XY
plane will determine the direction of the velocity vectors on the flat surfaces. TheZ



coordinates of the velocity vectors will be determined from the planes of the surface
making up the belt. This vector, defining the direction of the belt, will aso be used
together withthe vector defining the center of the pulley to determine which direction the
pulley is rotating. For the incoming belt it is recommended to define the direction vector
in the transition region of the belt as shownin Figure 2.

Figure 2 Belt with Direction Vector Defined

In summary to define an incoming belt the following items must be defined:
All items defined on a layer named “Belt XXXX”
Six — 3D Faces representing the belt at full trough depth and in the transition.
One line defining the direction of belt travel in the XY plane and used to
determine the rotation of the pulley.

The speed of the belt and coefficient of friction are defined later in the Chute Maven™
software.

The steps required for defining an exiting belt are nearly identical. In most cases it is
unnecessary to define the transition distance from the tail pulley to full trough depth as
typicaly the material is loaded on the belt after it is troughed and the materia is not
trajecting off of the tail pulley.

Defining Pulleys

The pulleys associated with the incoming belts should be modeled to help accurately
calculate the trgjectory of material coming off of the head of the conveyor. Each pulley
must be defined on a separate layer and the layer’ s name should correspond to the
associated belt. For example if the incoming belt ison alayer caled “Belt A” the
associated pulley must be defined on alayer “Pulley A”. This nomenclature is essential
asthe pulley rotational direction and speed are directly tied to the belt speed.



In AutoCAD the pulley is defined by two circles representing the ends of the pulley and a
single line drawn between the center of the two circles. All three of these elements must
be drawn on alayer “Pulley XXX”. No other drawing items can be included on this layer.
Anexample of apulley drawn in AutoCAD is shown in Figure 3.

Figure 3 Pulley Drawn in AutoCAD

Defining the Belt Loading Points

To load the materia on the incoming belt, particles are randomly created in a defined
box. Then under the action of gravity the particles are allowed to drop orto the belt where

they are brought up to speed.

To define the location of the injection boundary in AutoCAD a unique layer must be
created with the name of the format “Injection xxx.” A single line isdrawn on the layer
from opposite corners of the box (for example: the lower left hand corner to the upper
right hand corner) of the injection region. See Figure 4. The injection volume is defined
from the Xmin to Xmax, Ymin to Y max, and Zmin to Zmax locations. While not
mandatory, the injection layer should be named to correspond with the associated belt. In
this example if the belt is on layer “Belt A” and the pulley on layer “Pulley A” then the
injection point should be on layer “Injection A”. No other graphic items should be
included on the injection layer.

There is no limit to the number of injection locations that can be handled by the mode.



In laying out the model it is convenient to locate the incoming belt along the x or y axis.
An injection point drawn over the incoming belt is shown in Figure 4.
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Figure4 Injection Loading Point

If the injection box istoo small it will “plug” up. Each time step that the program is
required to inject a particle to meet the specified tonnage, the program randomly looks
for an empty space to inject the particle. If it can’t find one in 20,000 attempts it gives up,
generates an error and continues. Y ou will see thisin the output of the program as the
simulation is running. Make the injection point larger than you expect to need.

The goal of the load point on the incoming belt is to get the material |oaded onto the
incoming belt and up to the belt speed without spillage. To actually get material to load
onto the incoming belt and keep it from spilling before the materia gets up to speed, you
need to include some skirting. It is aso helpful to define surfaces around the injection
loading point. These surfaces should NOT be defined on the same layer as the Injection
boundary. An example of the injection point and skirting is shown in Figure 5.

Figure5 Injection Point with Skirting Defined



The injection regions can also be used to quickly fill rock boxes. Instead of only loading
the material on the belt and alowing it to flow through the chute, gradudly filling up the
rock boxes, it is more economical to position an injection location directly over the rock
box, and allow it to fill up directly for a few seconds.

Defining the Chute Geometry

The chute geometry is defined using 3DFaces in AutoCAD. Curved surfaces should be
defined as a series of flat 3DFaces. Thefile should be centered 0,0,0 in AutoCAD.

The different sections of the chute should be defined on different layers. Typical
examples of layer names include Chute Head, Left Pant Leg, Rock Box, Flop Gate 1, and
Skirting. The only reserved layer names that should not be used are Belt, Injection, and
Pulley. Care should be taken in the choice of what items are on each layer. Total forces
acting on a particular boundary will be selected and summarized by layer. In addition, the
time that a boundary comes on and off and the friction are also defined by layer. For

example it would be appropriate to define the two positions of a flop gate on two separate
layers— Flopgate Position A and Flopgate Position B.

An example of chute geometry is show in Figure 6.

Figure 6 Complete AutoCAD Chute Geometry
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Frozen and Off Layers

Layersthat are Frozen in the AutoCAD model are not imported into the viewer. Layers
that are Off are imported but unless turned Onin the DEM Maven' " software they will
not be modeled in the simulation. In the DEM Maven™ software you are able to toggle
whether Off layers are to be displayed or not. Using Off layers is a good method for
showing additional geometry or for taking measurements.

Saving in DXF Format

After the model geometry has beencreated in AutoCAD is should be saved in the dxf file
formation so that it can be read by the Chute Maven™ software program.

Creating the Chute Maven™ Model

Oncethe AutoCAD model has been created it is time to generate the files required to run
the DEM simulation Start by running the DEM Viewer program. Y ou should get the
screen shown inFigure 7.

™ Chute Maven - Hustrulid Technologies E”E]le
File Edit Data ‘iew Help

i o DI B A

Model Title Title
Time: 0.00 seconds 5.00

0.00 .

Chute Maven({tm) by Hustrulid Technologies Incorporated

Figure 7 Chute Maven™ Startup Screen

Importing a DXF File

The next step is to import the AutoCAD dxf file. Under the File Menu, select Import
DXF. Thiswill bring up afile selection dialog box. Select the dxf file and press ok.
Severa dialog windows will be displayed showing any errors in the imported file and a
summary of the number and type of items imported. The imported model will look
something like Figure 8.
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™ Chute Maven - Hustrulid Technologies E“E”Z|
File Edit Data Wiew Help

o|m| e e s o E oo e e elelelsl
Model Title Title
Time: 0.00 seconds 5.00

0.00 .

Chute Maven(tm) by Hustrulid Technologies Incorporated

Figure8 Initial Model View
The circle with cross hairs button on the toolbar will return the display to this view.

As the DXF file is written, Chute Maverf™ makes a determination if the units of the
drawing are in inches or millimeters and sets the appropriate mode. This can be changed
later if incorrect.

Zoom, Pan and Rotate using the Mouse
The mouse is used to zoom, pan and rotate the model.

Pressing and holding the center mouse button (or the left and right button simultaneoudly)
and moving the mouse up or down will zoom the model in or out, respectively.

Pressing and holding the left mouse button and moving the mouse will rotate the model.

Pressing and holding the right mouse button and moving the mouse will pan the model
up, down, left and right.

Using a combination of zoom, pan, and rotate you should be able to position the model in
any desired viewing position.
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(™ Chute Maven - Hustrulid Technologies
File Edit Data Wiew Help

o|e|E = s @ E oo e e see s e s elele o
Model Title Speed
Time: 9.93 seconds mis

6.96

0.00 .

Chute Maven(tm) by Hustrulid Technologies Incorporated

Figure9 Chute Maven™ Screen Capture

Displaying Off Layers

The display of 3D Faces that are located on Off layers in the AutoCAD drawing can be
toggled by pressing the toolbar button with the drawing of 2 blue boundaries on it. This
feature allows the designer to see other features of the drawing that are not modeled in
the discrete element simulation.

Editing the Model Parameters

All of the model parameters are set with dialog boxes under the Edit menu. The generd
model parameters are changed in the Model Parameters dialog box and the model
specific information in the dialog box.

The Model Parameters dialog box allows the user to edit the main properties of the DEM
simulation. All of these properties have default values and most may never need to be
adjusted. The dialog box is show in Figure 10.
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C® DEM Model Parameters @

Sirnulation Tirne 10 Seconds v Metric
Output Time Inkeral 15 Frames per Second  Typical 15 fps
Coefficient of Friction Between Particles  [p 3 Typical: 0.3
Coefficient of Restitution — |2p # Topical: 20%

b aimurn Penetration 5 4 Typical 1% - 10%
Critical Tirme Step Factor 5 4 Typical <= 5%

| Restart In Browse

Restart In File Marme |N.;. M ame

Model Title |M|:u:le| Title

Internal Comments Esternal Camments

Internal Comment External Comment

Cancel

Figure 10 General Model Parameters

Simulation Time — The discrete element simulation will start at 0 seconds and continue
for the duration of the smulation time. The smulation time should be taken into
consideration when defining the time that boundaries and injection points turn on and off.
The total amount of simulation time will depend on the size and configuration of the
transfer chute you are modeling. Experience has shown that 10 to 20 secondsis usually
adequate to reach a steady state for most chutes. The smulation time is defined in
seconds.

Output Time Interval — This parameter defines how often snap shots of the particle
positions and properties are output to the position file (.pos) during the smulation. This
output also defines how many frames per second (fps) that the animations you create will
contain. Experience has shown that 15 fps provides a reasonable trade off between the
file size and smooth flow in the video. A maximum frame rate should be considered 30
fps. The output time interval is defined in frames per second.
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Coefficient of Friction Between Particles- A common coefficient of friction is used
between all of the particlesin the smulation. It is defined here. A rough approximation of
an appropriate value can be taken from the tan of the surcharge angle. For example a
surcharge angle of 20 degrees returns avalue of 0.36. Other parameters that affect the
flow of particles in the model are the size distribution and the percentage of particles free
to rotate. The value you ultimately select should be determined based on what you are
trying to avoid or see — for example the chute plugging up or conversely material flowing
though so quickly it slides off the side of the belt. In these examples higher and lower
friction coefficients of friction, respectively, should be used. The default value is 0.3.

Coefficient of Restitution— Like the friction between particles the coefficient of
restitution is defined for al particles in the simulation. Additionally it defines the
restitution between particles and boundaries. The coefficient of restitution defines the
amount of energy that remains following a collision between two items. The default value
is 20%.

Maximum Penetration— This is a fundamental variable in the program. The contact
between particles or between a particle and a boundary is fundamentally made up by a
spring. As the items physically overlap, a spring between the items compresses. This
creates a force repelling the items from one another and causes them to tend to move
apart. The maximum penetration allowed is one factor in determining the stiffness of that
spring.

First imagine the fastest we might expect a particle to be moving in the smulation. We
can start to estimate this value by looking at the velocity of the belt boundaries. In
addition, imagine that a particle traveling at the belt speed free falls from the top of the
simulation space to the bottom of the simulation space. Here it will pick up more energy.
Finally consider that this is the largest, heaviest particle in the simulation and it collides
with the smallest diameter particle in the simulation. Given that al these things happen,
the maximum penetration defines the maximum amount we would alow the large heavy
particle to penetrate into the small particle. The default value in the program is set to 5%.
In the actual simulation we would not expect to every see this amount of penetration.

Asyou will see, the value selected here will have a direct impact on how long the
simulation takes to run. The relationship is nearly linear. For materia that is flowing, for
example, through a transfer chute, 5% to 10%, penetration is acceptable. For more static
situations lower values should be considered. A recommendation is to performthe initial
runs at a higher allowed penetration value and the final “fine tuning” runs at alower
allowed penetration vaue to evaluate the effect in your particular situation.

Critical Time Step Factor — This value is aso critical to the discrete element simulation
and it is one that should not need adjustment. A numerical iteration scheme is used to
model the material flow through time. The time step used in the numerical agorithm is
critical. If the time step is too large the system will become unstable and you will get
inaccurate and occasionally completely unrealistic and unstable results. If the time step is
too small you will end up wasting a significant amount of computation time. The value of
5% has been shown by experience to be reasonable for simulations in conveyor belt
transfer chutes using spherical particles.
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Restart | n File — The Restart | n check box, filename, and browse button give access to a
very important feature of the program. A restart file allows you to define a starting point
ina simulation from which the model will start.

Restart files are created in two ways. First they are output automatically during, and at
the end of, each simulation. Second you can output a restart file from any point in time
while you are reviewing the results of a simulation. Both of these procedures are
discussed later.

By selecting the Restart In button the ssimulation will read the restart file. The restart file
is found by pressing the browse button and navigating to the desired file.

Modéd Title — The modd title is displayed at the top of the model viewing window, in
animations, and image captures.

Internal and External Comments — These comments are stored when the mode! is
saved in a.dem file format. Currertly nothing else is done with the comments.

Simulation Data

The simulation data dialog box allows the user to input information regarding the
conveyor belts, injection locations and individual layers. The units for the data depend on
the mode of the program, metric or US units, which depends on the base units of the
AutoCAD drawing that has been read.

[ simulation Data B|E| |Z|

Belt Data Units
: Speed [m/s)
| LayerMame |  TimeOn | TimeOf |  Fricion |

, TBelt 1 0 100 07 Time [zeconds)
|Belt 2 0 100 07

Injection Data
: Flow Rate [tons/hr)
| Injection Mame | TimeOn | Time OF | FlowRate|  Dersity | Minimum Bad| Masimum Ra| % Restrain : 1000 k
g o =

P |Injection 1 1] 100 1814 1.201 50.8 50.8 100 % 4
Density [tAm™3)
Radiuz [rm)

Layer Data
| LaperMame | TimeOn | TimeOf | Friction | On

b Headchute 0 100 0.3 I
|Feed-Box 0 100 03 v
| Conveyar-Gki i 100 03 v
| Chute 0 100 0.3 v

|

A
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Figure 11 SimulationData Dialog Box

Belt Data

The layer names listed in the Belt Data dialog box are taken directly from the imported
AutoCAD dxf file. Do not edit these names. The remaining values impact the belt and a
pulley if oneis associated with the belt.

The layer names listed in the Belt Data dialog box are takendirectly from the imported
AutoCAD dxf file. Do not edit these names. The remaining values impact the belt and a
pulley if oneis associated with the belt.

The time on and time off values determine when the belt will be present in the model.
They do not control when the belt will be moving or not moving!

The friction coefficient defines the friction between all of the particles and the belt and
pulley. Thisis an important value. On the incoming belts you are trying to get the
material up to the full speed of the belt. In reviewing the smulation results you want to
make sure that the material is actually up to the belt speed. This is particularly important
with particles that are allowed to rotate, at low tonnage, on a steeply inclined incoming
belt. On the incoming belt it is probably best to keep this value on the high side.

On the receiving belt you should vary this value depending what you are trying to look at.
If in the simulation you are worried about material build up in the chute and possible
blockage, then run a simulation with a lower coefficient of friction. This will alow you to
look at the sengitivity of the simulation to various friction factors.

The speed of the belt is defined in ft/min. This speed, in combination with the line
defined on the belt layer in the AutoCAD dxf file defines the direction the belt is
traveling. The speed is also used to calculate the rotational speed of the associated pulley.

I njection Details
The details for the injection area are selected in the Injection Details dialog box.

The injection names are taken directly from the AutoCAD dxf file. Do not modify these
values. The time on and time off define the period when the injection will start and stop
generating particles during the simulation The flow rate is the tons per hour that the
simulation will try to generate in the injection area. If the injection area becomes blocked
awarning will be generated during the smulation. The density of the material is defined
in Ib/ft3. Thisisthe in situ density not the bulk density.

The minimum and maximum particle radii are used to define the range of particle sizes
that will be created in the injection area. A uniform size distribution between the
maximum and minimum radius will be created. Please be aware that the larger the
difference between the largest and smallest particle the Slower the simulation will run. It
isrecommended to run the initial ssmulations with larger particles that are of the same
size. Then as the geometry isrefined, move to smaller particles Finaly, move to
particles of different sizes. To save simulationtime, it is also recommended to run the
initial smulations at lower tonnages in order to position rock boxes and other items.

Typicaly it is best to run the simulation with the particles completely restrained. This
should provide the most conservative results regarding potential chute build up and
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plugging. You will find that allowing al of the particles to rotate freely will result in a
very loose and free flowing material. The fina value in the Injection Details dialog box
defines the percentage of particles created in the injection area that are restrained from
rotating. This allows the user to vary the material properties between full and no rotation.
The percentage entered is the percentage of particles restrained from rotating. For
example to restrain 8 out of every 10 particles from rotation you will need to enter 0.8 to
set the percentage at 80%.

L ayer Properties

The Layers Properties dialog box is used to set the values for the flat boundaries in the
simulation grouped by AutoCAD layers.

The layer names are brought in directly from the AutoCAD DXF file. The names should
not be changed. The time On and time Off are when the boundary will appear or leave the
simulation.

In general there are no problems in turning Off a layer, such as when opening a gate on a
hopper, however care must be taken in turning boundaries on in the middie of a
simulation. If the turned on boundary intersects particles that may be present, the forces
on the particles are extreme and they will likely shoot out of the simulation!

One use of the time On and time Off is to position flop gates. Y ou could set the time On
and time Off to O for the flop gate not to appear in a certain position. While this will work
it is more efficient to use the layer On/Off feature. Using time On and time Off set to zero
will still smulate the boundary in the model. However, it will require some checking,
which will slow the simulation down dlightly. Setting the layer to Off, as discussed

below, will not ssmulate the boundary at all.

The Layer OnOff toggle button is brought in from the properties of the layer in
AutoCAD. If the layer is Off it is not modeled in the DEM simulation. The toolbar button
on the main screen with the two blue boundaries toggles whether the Off boundaries are
displayed or not in the viewer.

Saving the Model Files

To save the geometry and the information defining the model, select File —» Save DEM
File. Thiswill output afile with the .dem extension that can be read back in with the
File —» Open DEM menu item.

The File — Save DIN file saves the file required to run the DEM simulation. DIN files
cannot be read back into the DEM Maven' ™ program and modified.

Running the Simulation

After you have imported the model geometry from the AutoCAD dxf file, set the model
parameters with the dialog boxes, and created the model file with the File — Save DIN
menu item it is time to run the ssimulation.

Depending on the size of the simulation and the speed of your computer this may take a
few minutes or several hours.
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The smulation is run by executing a separate executable file. Fortunately thisis done
automatically from the DEM Maven™ program. From the file menu select Run DIN
Model. A file dialog box is brought up. Select the .din file you saved for the model and
click OK. A separate DOS window will be brought up and the simulation started. The
window should look similar to Figure 12.

DEM Maven

Copyright 2085 by Hustrulid Technologies Incorporated
For information please visit www. hustrulid.com
Initialized COM. Code = BxA

C:\Program Files\Hustrulid Technologies\DEM Maven\DEM TP 2. exe [_ ﬂ

C:“Program Files“Hustrulid Technologies“DEM Maven“DEM TPZ.exe
InitCrypKey: 8

CrypKey Initialized?

You are authorized with these options~levels @

Simulation time = 1

Maximum injection velocity = 15

¥ max = 264.771
= 126.867

Minimum radius = 2 Maximum radius = 2
inimum Density = B.808112417 Maximum Density = B.0600112417
Restart in: True?
Restart file in: C:“\Documents and Settings“andrewsMy Documents~DEM Simulations™
CEntry Example~CEntry 4 ginger demo.res
Restart file out: C:“Documents and Settings“andrew My Documents“DEM Simulations™

CEntry Example“CEntry 4 \ginger demo 2.res
ax vel?2 267458

ax vel 15

grav J86.0889

zmin —228 zmax 126.867

ke = 188752 kh = 18A752 delta_t = 1.93365e-805

Done reading the params in.Reading the injection locatdions ... 1 ...
Injection: Injection 1

Time On: B Time Off: 100

Radius Min: 2 Radius Max: 2

Restrain Rotation: 1 o

Done .

opened ... arcs ... done ... planes ... read in ... 65 125Done.

Opening the Files ... 990pen the position file ... Open the history file ... Don
e .

Tagging boundary grid cells ... arc: B Done.

Generating the contact objects ... 21688 kB ... Done.

Contact Usage = Bx

Reading data from restart file: C:vDocuments and SettingssandrewsMy Documents™D
EM Simulations~CEntry Example~CEntry 4~ginger demo.vesz ... 384 ... Done.

Moving through time ...

118A4 ECT: Ued Dec 31 21:88:88 1967
12868 ECT: Mon Apr B4 B2:23:05 2885
12361 ECT: Mon Apr B4 A@:18:56 2085
12765 ECT: Sun Apr A3 23:18:88 2885
133A4 ECT: Sun Apr B3 23:A5:48 2005 _:J

Figure 12 Output From Running Simulation

The smulation starts by echoing much of the model import information and then begins
the actual simulation by showing the time, number of particles, kinetic energy, and an
estimated completion time (ECT). The ECT becomes more accurate as the model
progresses. However, if there are significant change in the number of particles during the
simulation, such as injection boundaries being turned On or Off the ECT will be less
accurate.
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The number of particles and the kinetic energy can be used as an indication as to whether
the model has reached a steady state with particles flowing into and out of the chute.

For every second of simulated time a restart file is written to the directory where the
model was created. This is done so that you can check the progress of the model without
interrupting the simulation. It is agood idea to initially check large smulations just after
they have been started to make sure they are progressing as expected. To see the model
progress from the DEM Maven'V software, select File—» Load Output File from the
main menu. Then in the open file dialog box “ Select Files of Type—» Restart File” at
the bottom of the dialog. Select the restart file and the particles will be displayed in the
main window.

If an injection area becomes plugged during the simulation awarning is displayed
notifying you that the injection region in plugged. However, the smulation will continue.

After the simulation is completed you will be prompted to press the erter key which will
close the DOS window.

Viewing the Results

After the simulation is complete a modelname.pos file will be created. Thisis abinary
file that has al the information for every particle and each output moment in time. The
frequency of the data, selected in the Model Parameters dialog box, defaults to 15 frames
per second.

From the File Menu Select —» Load Output File and the available position files will be
displayed. Select the position file for the model being reviewed. Y ou will be returned to
the main window.

On the tool bar there are buttons for moving to the start of the simulation, moving to the
end of the ssimulation, stepping forward or backward one second at atime, or stepping
one frame at atime. You will find it useful to step trough the model one second at atime
to quickly get to the time frame of interest.

Also on the toolbar is a button with ared circle on it. This button toggles the display of
particles on or off. If there are alot of particles in the ssimulation it is useful to turn off the
display of particles prior to rotating, panning and zooming. Then the display of particles
is turned back on.

The colors of the particles default to their speed. The scale on the right side of the main
window displays the speed represented by the different colors. The menu items under
View set what the colors represent and the scale. The color range can be set for the step
being viewed or for the entire model. The colors can either represent either the speed of
the particles or the pressure acting on the particle.

View Data Output From the Simulation

From the Data —» Particle Data menu you can retrieve specific information about each
time gep and the particles at that time step. Initially the window shown in Figure 13 will
be brought up.
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= DEM Output

Figure 13 DEM Output Window
Pressing the ‘+' box will expand the tree exposing two tables as shown in Figure 14.

= DEM Output

TimeSten
Particles

Figure 14 DEM Output Window After Being Expanded

The TimeStep and Particles selections are two tables that can be viewed. The TimeStep
table has summary information including the number of particles, minimum and
maximum speed, minimum and maximum pressure, kinetic energy, potential energy, and
tonnage for each frame in the simulation. A typical output is shown in Figure 15.
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Figure 15 Information about All Frames
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The units of the values in the table depend on the mode of the program. They are as
follows:

Measure us International
Time Seconds  Seconds
Pressure Lb/in2  N/mm2
Speed In/sec mm/sec

Kinetic Energy | in-lb N-mm
Potential Energy | In-Ib N-mm
Tonnage Ib Kg

The pressure measurement will most likely be removed in future versions asit is very
sengitive to the exact time step and therefore of little real value in it’s current form.

Pressing the left arrow in the upper right corner of the window will allow you to navigate
back to the parent window.

Selecting the Particles table brings up al the internal data for the particles displayed in
the current frame including the position, properties, forces and speeds. A typica output is
show in Figure 16.
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Figure 16 Particle Information for the Current Time Step

A useful tool at this point isto select al of the data in the table by pressing Ctrl- A, copy
it to the clipboard with Ctrl-C, and then paste into a new Microsoft Excel worksheet. Y ou
can then easily create graphs of speed versus position to analyze and review the
simulation results.

Creating AVI Videos

After the model has run and you have opened the .3d file you can create an AVI. Orient
the model for the perspective you wish to see. And select File —» Create AVI from the
menu bar. The dialog box shown in Figure 17 will appear.
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Video Setup r§|

Start Frame |f End Frame |2q
Frame Rate 15 El:
Size
(" B40» 480 " 1280 %1024
~
Gl {7 1280 % 720 [F20i ar p)
~
LA TER 7 1920 % 1080 (10204
& Custom Width Height
B32 44
Capture | Cancel |

Figure 17 Video Setup Dialog Box

The starting and ending frames are automatically populated from the information in the
.posfile. The frame rate also corresponds to the speed at which frames are saved to the
.pos file. Changing this value will either slow down or accelerate the speed of the movie
relative to actual time.

Finally you can select the desired frame size of the video. The larger the size the more
storage space is required for the video. Several sizes of available PC and HDTV are
preprogrammed for convenience.

After pressing the Capture button you are presented with a file selection dialog box to
enter the file name for the animation and then a dialog box to select the video codec
format in which to save the movie in. This didog box is shown in Figure 18.

Video Compression

X
Compressor:
Microzoft MPEG-4 Yideo Codak Cancel
.J- . S J Configure...
About...
= ki : I_ o ﬁ
& et l_ ;

Figure 18 Video Codec Selection

The list of available video codecs is dependent on what is installed on your system. Our
recent experience is that the Microsoft MPEG-4 Video Codec V2 works the best for the
DEM animations with regard to both size and quality.
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After selecting the codec the animation is created. A progress dialog box will be
displayed showing the status. After completion you can view the animation through
Windows Media Player.

When you are creating an animation you must choose a video compression format to use.
Different compression algorithms work better on different types of animations or movies.
The video compressors available on your system will be dependent on which software
you have ingtalled on the computer. The best way to determine which compressor is best
for the application isto try them and compare the results.

We created a simple animation, 10 seconds long, 640x480 pixels in size, using the video
compressors available on our system. The various files sizes are listed in Table 1.

Video Compr essor Sze Error
Full Frames (Uncompressed) 134,106 kB
Cinepak Codec by Radius 5,604 kB

Intel 'YUV Codec 1
Intel 4:2:0 Video V2.50 2
Intel Indeo ® Video R3.2 2,409 kB

Intel Indeo ® Video 4.5 4,522 kB
Indeo ® Video 5.0 3,971 kB
Microsoft RLE 2
Microsoft H.261 Video Codec 2
Microsoft H.263 Video Codec 2
Microsoft Video 1 8,128 kB
Microsoft MPEG-4 Video Codec V1 305 kB
Microsfot MPEG-4 Video Codec V2 284 kB

Table 1l Video Compression Results

Error 1. Object Reference Not Set to an Instance of an Object
Error 2: Error in VideoStreamSetFormat -2147205018

Chute Maven™ will generate one of two errors with some of the older video codecs.
Please select another codec on your system if an error is generated while trying to create
an animation.

Microsoft MPEG-4 Codecs provides a good selection for the Chute Maven™ Videos
with regards to both size and quality

Capturing Still Shots

Capturing il shotsis very easy. Position the model for the desired view and frame you
wish to capture. From the File menu select File —» Capture Image. Y ou will be
presented with the dialog box shown in Figure 19.
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Capture Image @
Rezolution 4ol [T Rotate 90 deq

[ Transparent Background

Size

£ 3"ag 48w 36"
4 yE

CoT R

& Custom Height  Width
38222 [7.0222

Capture Cancel |

Figure 19 Capture Image Dialog Box

Here the resolution can be selected, the image can berotated 90 degrees, atransparent
background can be specified (which is helpful for overlays), and finally the physical size
for theimage is set.

For general guidance, a computer screen displays about 72dpi. I n color about 200dpi is
acceptable for reproduction quality.

After you select the capture button a file selection dialog box will appear. Y ou can save
theimage in PNG, JPEG, Bitmap, GIF, or TIFF file formats.

Installation Instructions

Selecting setup.exe from the installation directory will automatically install the
application. The program must be installed in the

C:\Program Files\Hustrulid Technologies\Chute Maven\
directory to function correctly.
The installation will add a shortcut to the program in the Start menu.

During the installation you are asked to review and accept the license agreement for the
software.

To install the program you will need to register one of the .dll files.
Change the directory to the Chute Maven™ directory.
Type: “regsvr32 CrypKeyCOM.dII”
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Registering the Program

After theinitia installation you will be able to start the program and have some basic
functionality. However, you will not be able to run your own simulation until the
software is properly registered. Once the program is registered with an indefinite license
it is your responsibility to maintain the license at your site.

To register a new program go to the Help —» Registration menu item. The window
shown in Figure 20 will be brought up.

= Registration Window

Site Code: |EEEIE 8365 CRAF DCD2 AF

Total number of D ays; 31
Davz Uszed: 0

Register DEM Maven

Feqgister

Transfer License

J Tranzter Out J ; J

”Kill Lizenze

Figure 20 Registration Window

Here you can (1) see the status of the registration, (2) update the registration, and (3)
transfer the registration.

To register the program for the first time, email the Site Code to
support@ChuteMaven.comor call 1-305 433-4891. Y ou will be given aregistration key
to enter in the Register Chute Maven™ area of the dialog box. Typing spacesin the
registration key are optional but help to insure the correct code is entered. Press the
Register button to complete the registration. Y ou will be returned to the Registration
Window and the status will be updated.

Transferring the Registration

The license allows you to run the software on only one computer at atime. To transfer
the license between computers you must follow the procedure to transfer the registration.

1. On the target computer you will first need to install the Chute Maven™ software.

2. After the installation is complete go to the Help —»Registration window and
select the “Register Transfer” button. Y ou will be asked to create a directory on a
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disk or directory that can be accessed by the computer where the software is
currently licensed. Cresate the directory.

3. On the computer that is currently licensed, start the Chute Maven™ software, go
to the Help —» Registration window, and press the “Transfer Out” button. Here
you will be asked to select the directory created in step 2. The license has not
been transferred off the original machine and is now in the transfer directory.

4. On the target computer, go to the Help —» Registration window, and press the
“Transfer In” button. Select the directory created in step 2 and used in step 3. The
license will now be transferred from the transfer directory to the target machine.

Speed Ideas

Discrete Element simulations are computationally very intensive and can take anywhere
from afew minutes to hours and even days to run. Much of the time is impacted by the
size of the smulation you are trying to run, how you setup the model, and the aaeed of
your computer. Considerable effort has been taken to make the Chute Maven™ software
as efficient as possible. Some steps you can take in designing and running your model
include:

Shorten the incoming and exiting belts as much as possible.

Increase the friction of the incoming belt to help get the material up to geed as
quickly as possible.

Fill rock boxes first by running an injection boundary over the rock box for a
short period of time at the start of the smulation.

Fill dead spaces in rock boxes with enclosed boundaries.
Use larger particles to do initial ssimulation runs.
Use the same size particles.

Kill extra processes on the computer.

Obviously you will receive better performance running on afaster computer. This release
of ChuteMaven™ does not take advantage of multiple processors so the program will

not run noticeable faster on a dual processor machine over a single processor machine.
What you will observe is that the computer behaves less lethargic when you are trying to
run other applications while the smulation is running. Using chipsets with Hyper
Threading (HT) technology will have a similar impact.

In addition to afast processor it is beneficial to have a good graphics card, preferably one
that supports OpenGL acceleration.

File Structure
The file structure for Chute Maven is shown in Figure 21.
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Figure21 Chute Maven File Structure
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License and Subscription Service Agreement

The terms and conditions that follow set forth alegal agreement (" Agreement™) between
you (either an individual or an entity), the end user, and Hustrulid Technologies
Incorporated, a Florida corporation with its principal place of business at PO Box
368227, Bonita Springs, FL 34136-8227 USA ("Hustrulid Technologies"), relating to the
computer software known as Chute Maven™, and DEM Maven™ (the "Software"). The
term " Software” includes and these terms and conditions also apply to (i) any updates or
upgrades to the Software that you may receive from time to time under a subscription
service or other support arrangement, and (ii) any add-in modules to the Hustrulid
Technologies software you may order and install from time to time. Y ou may not load or
use the Software in any computer or copy it without a license from Hustrulid
Technologies. Hustrulid Technologies hereby offers you a non-exclusive license on the
terms set out in this Agreement. Y ou should carefully read these terms and conditions
BEFORE opening the case that contains the Software or installing and using the
Software. Opening the case containing the Software or installing and using the Software
will signify your agreement to be bound by these terms and conditions. If you do not
agree to these terms and conditions, promptly return the case containing the Software and
the accompanying items (including written materials) for arefund. Thisisalicense
agreement and not an agreement for sale.

1. A.Grant of License. Hustrulid Technologies grants to you a nonexclusive
nontransferable license to use the Software and the printed and/or el ectronic user
documentation (the "Documentation") accompanying the Software in accordance
with this Agreement. If you have paid the license fee for a single user license, this
Agreement permits you to install and use one copy of the Software on any single
computer at any time (i.e., the software provides a mechanism for transferring the
registration between computers). If you have a network license version of the
Hustrulid Technologies software, then at any time you may have as many copies of
the Software in use as you have licenses. The Softwareis "in use" on a computer
when it is loaded into the temporary memory (i.e. RAM). If the number of computers
on which the Software isinstalled or the potential number of users of the Software
exceeds the number of licenses you have purchased, then you must have a network
license version of the Software installed to assure that the number of concurrent users
of the Software does not exceed the number of licenses purchased. At the time of
registration (see Article 9 below) you must inform us of the maximum number of
potential users of the licenses you purchase. We recommend you a so inform us of
the names of all potentia users so that we can notify them of upcoming updates ard
other pertinent information. Y ou will keep accurate and yp-to-date records of the
numbers and locations of al copies of the Software, will supervise and control the use
of the Software in accordance with the terms of this Agreement and will provide
copies of such records to Hustrulid Technologies upon reasonable request.

If you have paid for the network license version of the Hustrulid Technologies software,
the following additional terms apply to your license:

a. The network license version of the Hustrulid Technologies Software must be
installed ona network server with a dongle and includes an embedded
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software security mechanism that will permit only the number of licenses you
have purchased to be in use at one time. Additional licenses can be added to
the network license from time to time as additional licenses are purchased.

b. The network on which the network license version is installed may only
"float" the license among client machines located in the same globa territory
asthe server (for this purpose, Hustrulid Technologies considers there to be
three global territories: the Western Hemisphere, Europe/Mid-East/Africa,
rest of Asia/Australia). Y ou must always continue to comply with U.S. and
U.K. export control laws.

1. B. Security Mechanisms. Hustrulid Technologiesreserves the right to embed a
software security mechanism within the Software to monitor usage of the software to
verify your compliance with this license. Such a security mechanism may store data
relating to the use of the Software and the number of times it has been copied. Hustrulid
Technologies reserves the right to use a hardware lock device, license administration
software, and/or a license authorization key to control access to the Software. Y ou may
not take any steps to avoid or defeat the purpose of any such measures. Use of any
Software without any required lock device or authorization key provided by Hustrulid
Technologiesis prohibited.

2. Ownership of the Software/Restrictions on Copying. Hustrulid Technologies or its
licensors own and will retain all copyright, trademark, trade secret and other proprietary
rights in and to the Software and the Documentation. THE SOFTWARE AND THE
DOCUMENTATION ARE PROTECTED BY COPYRIGHT LAWS AND OTHER
INTELLECTUAL PROPERTY LAWS. You obtain only such rights as are specifically
provided in this Agreement. You may copy the Software into any machine-readable form
for back-up purposes and within the license restrictions of Article 1. Y ou may not
remove from the Software or Documentation any copyright or other proprietary rights
notice or any disclaimer, and you shall reproduce on al copies of the Software made in
accordance with this Agreement, all such notices and disclaimers.

3. Other Restrictions on Use. This Agreement is your proof of license to exercise the
rights granted herein and must be retained by you. Y ou may not use any portion of the
Software separately from or independently of the Software and other than for your
normal business purposes and you may not provide access to or use of the Software to
any third party; consequently you may not sell, license, sublicense, transfer, assign, lease
or rent (including via an application service provider (ASP) or timeshare arrangement)
the Software or the license granted by this Agreement. Y ou may not modify or make
works derivative of the Software and you may not analyze for purposes competitive to
Hustrulid Technologies, reverse engineer, decompile, disassemble or otherwise attempt to
discover the source code of the Software, if applicable, as it contains trade secrets of
Hustrulid Technologies.

4. Subscription Service. If you subscribe to subscription service for the Software you
have licensed hereunder by paying the fee therefore, you will be entitled to receive for
such copy: 24 hour by 7 day/week ontline web access to "down-load" the latest updates
to the Software; all minor upgrades for the Software released during the subscription
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period; email and telephone support services from Hustrulid Technologies This does not
include major upgrades. The term of this service runs for one year from the first day of
the month following the date you ordered subscription service. It shall automatically
renew from year to year unless one party notifies the other party in writing of its desire
not to renew the term, at least 30 days prior to the end of aterm. Software that is
delivered as an upgrade or update to a previous version of the licensed Software must
replace the previous version - no additional license is granted; you may install only such
number of updates as equal the number of subscription service fees for which you have
paid.

5. Term. The license granted herein will continue until it is terminated in accordance
with this Article 5. Hustrulid Technologies may terminate the license granted herein
immediately upon written notice to you (i) for justified cause, including without
limitation breach of any provision of Articles 1, 2 or 3 of this Agreement, or (ii) if you
breach any provision of this Agreement and fail to cure such breach within fifteen (15)
days of notice thereof. Upon the termination of the license, you will promptly return to
Hustrulid Technologiesor destroy all copies of the Software and Documentation covered
by the license as instructed by Hustrulid Technologies. The provisions of Articles 2, 3, 5,
and 7 of this Agreement shall survive any termination of this Agreement.

6. Responsibility for Selection and Use of Software: Y ou are responsible for the
supervision, management and control of the use of the Software, and output of the
Software, including, but not limited to: (1) selection of the Software to achieve your
intended results; (2) determining the appropriate uses of the Software and the output of
the Software in your business; (3) establishing adequate independent procedures for
testing the accuracy of the Software and any output; and (4) establishing adequate backup
to prevent the loss of datain the event of a Software malfunction. The Software is a tool
that is intended to be used only by trained professionals. It isnot to be a substitute for
professional judgment or independent testing of physical prototypes for design
performance, safety and utility; you are solely responsible for any results obtained from
using the Software.

7. Limited Warranty, Exceptions & Disclaimers

a. Limited Warranty. Hustrulid Technologies warrants that the Software will be
free of defectsin materials and will perform substantially in accordance with the
Documentation for a period of ninety (90) days from the date of receipt by you.
Hustrulid Technologiesalso warrants that any services it provides from time to
time will be performed in a workmanlike manner in accordance with reasonable
commercial practice. Hustrulid Technologies does not warrant that the Software
or service will meet your requirements or that the operation of the Software will
be uninterrupted or error free or that any internet tool or service will be
completely secure. Hustrulid Technologies entire liability and your sole remedy
under this warranty shall be to use reasonable efforts to repair or replace the
nonconforming media or Software or re-perform the service. If such effort fails,
Hustrulid Technologiesshall (i) refund the price you paid for the Software upon
return of the nonconforming Software and a copy of your receipt or the price you
paid for the service, as appropriate, or (ii) provide such other remedy as may be
required by law. Any replacement Software will be warranted for the remainder
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of the original warranty period or thirty (30) days from the date of receipt by you,
whichever is longer.

b. Exceptions. Hustrulid Technologies' limited warranty is void if breach of the
warranty has resulted from (i) accident, corruption, misuse or neglect of the
Software; (ii) acts or omissions by someone other than Hustrulid Technologies;
(iii) combination of the Software with products, material or software not provided
by Hustrulid Technologiesor not intended for combination with the Software; or
(iv) failure by you to incorporate and use al updates to the Software available
from Hustrulid Technologies.

c. Limitations on Warranties. The express warranty set forth in this Article 7 is
the only warranty given by Hustrulid Technologies with respect to the Software
and Documentation furnished hereunder and any service supplied from time to
time; Hustrulid Technologies and its licensors, to the maximum extent permitted
by applicable law, make no other warranties, express, implied or arising by
custom or trade usage, and specifically disclaim the warranties of merchantability
and fitness for a particular purpose. In no event may you bring any claim, action
or proceeding arising out of the warranty set forth in this Article 7 more than one
year after the date on which the breach of warranty occurred.

d. Limitations on Liability. Y ou recognize that the price paid for the license
rights herein may be substantially disproportionate to the value of the products to
be designed in conjunction with the Software. For the express purpose of limiting
the liability of Hustrulid Technologies and its licensors to an extent which is
reasonably proportionate to the commercial value of this transaction, you agree to
the following limitations on Hustrulid Technologies' liability. Except as required
under local law, the liability of Hustrulid Technologies, whether in contract, tort
(including negligence) or otherwise, arising out of or in connection with the
Software or Documentation furnished hereunder and any service supplied from
time to time shall not exceed the license fee you paid for the Software or any fee
you paid for the service. In no event shall Hustrulid Technologies or its licensors
be liable for special, indirect, incidental, punitive or consequential damages
(including without limitation damages resulting from loss of use, loss of data, l0ss
of profits, loss of goodwill or loss of business) arising out of or in connection with
the use of or inability to use the Software or Documentation furnished hereunder
and any service supplied from time to time, even if Hustrulid Technologies has
been advised of the possibility of such damages. However, certain of the above
limitations may not apply in some jurisdictions.

8. Genera Provisions. Y ou acknowledge that the Software and the Documentation may
be subject to the export control laws of the United States or the United Kingdom and
agree not to export or re-export the Software or the Documentation (i.e., move the
Software from the country in which you first licensed it) without the appropriate United
States or foreign government licenses and the written approval of Hustrulid Technologies
and itslicensors. This Agreement shall be governed by and construed and enforced in
accordance with the substantive laws of The Commonwealth of Massachusetts without
regard to the United Nations Convention on Contracts for the Internatiorel Sale of Goods
and will be deemed a contract under seal. The English language version of this
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Agreement shall be the authorized text for all purposes, despite tranglations or
interpretations of this Agreement into other languages. If for any reason a court of
competent jurisdiction finds any provision of this Agreement, or a portion thereof, to be
unenforceable, that provision shall be enforced to the maximum extent permissible and
the remainder of this Agreement shall remain in full force and effect.

9. U.S. Government Restricted Rights. Use, duplication or disclosure by the Government
is subject to restrictions as set forth in FAR 52.227-19 (Commercial Computer Software -
Restricted Rights), DFARS 252.227-7202 (Commercial Computer Software and
Commercial Computer Software Documentation) and in this Agreement, as applicable.
Contractor/Manufacturer: Hustrulid Technologies Incorporated, PO Box 368227, Bonita
Springs, FL 34136-8227.

Y ou further agree that this Agreement is the complete and exclusive statement of your
agreement with Hustrulid Technologies relating to the Software and subscription service
and supersedes any other agreement, oral or written, or any other communications
between you and Hustrulid Technologies relating to the Software and subscription
service; provided, however, that this Agreement shall not supersede the terms of any
signed agreement between you and Hustrulid Technologiesrelating to the Software and
subscription service.
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