Advanced Conveyor Technologies Inc. (AC -Tek)

AC-Tek is a global leader in the design of overland conveying systems. We provide our
clients and partners with the latest in conveyor te chnology and engineering expertise.
Our engineering team has an extensive repertoire of complex conveyor designs including
some of the longest, and highest powered conveyors in the world. We offer the following
services:

Overland Conveyor Design

« Static and dynamic analysis

» Complete design specifications

* Control theory

* Feasibility studies and cost estimation

* Terrain modeling with earthwork optimizations

* Rubber viscoelaticity for accurate power predictio ns
» Commercial software for conveyor design

Belt Cover Rubber Rheology

Discrete Element Analysis & Finite Elements

» Flow modeling of complex materials and geometries

* Transfer chute design

» Feeder belts / silos / bins / hoppers

* Finite element modeling of pulleys and other equip ment
» Commercial DEM software & licensing

Data Acquisition

* Field measurements
* Forensic engineering
» Commissioning

» System validation
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Sidewinder - Convevor Design Software

* Static calculations

* Vertical curve analysis

 Horizontal curve design

* Belt turnovers and transitions

* Flexible belt dynamic analysis

» Conveyor control system design

Fegh s Ares k * Terrain r_nodgling with cuts & fills
s ;  Cost estimation
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“Sidewinder " Conveyor Design Software

AC-Tek realized the industry’s need for a new, easy to use, conveyor design program
filled with the latest in technology and current in dustry standards. Sidewinder software is
AC-Tek's response to this need. It represents a new standard in easy to use conveyor
design software and engineering technology.

Capabilities

Static calculations

Vertical curve stresses & belt lift off
Horizontal curve design

Belt turnovers and transitions

Flexible belt dynamic analysis
Conveyor control system design
Terrain modeling & cut/fill estimation
Feeder belt design

Cost estimation

and much more.....

Sidewinder was developed from the ground up using the latest s oftware development
tools and years of conveyor design experience. The user interface and entire hierarchical
structure was thoroughly laid out before developmen t began. This resulted in a very
flexible software package that can easily be upgrad  ed with new features and technology.
The program can handle conveyors of any topography, length, and drive configuration.

From day one, Sidewinder was design to be easy to use,
with easy to understand input and output data. Whet her
you're designing a small in plant conveyor, or a lo ng
overland system, Sidewinder can handle them all.

Sidewinders data input layout is unlike anything
currently available. A single universal input sc  reen

was designed to provide easy accessto allrel evant

input data. Additionally, a single tabbed data outp ut window allows quickly assess to all
relevant output data with potential problem areas h ighlighted in red.

If you are in need of a conveyor design package, or are
tired of struggling with your existing software, gi ve
Sidewinder a try. We offer several pricing options to meet
your design needs. Additionally, you can trade in y our
existing or outdated conveyor design software for a
substantial cost savings on a new  Sidewinder licenses.
Please contact us for more information.
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Overland Conveyor Design and Terrain Modeling

The design of any overland conveyor begins with the
proper selection of an optimized conveyor route. T he best
path from point A to point B is not always a straig ht line.
In many cases the conveying system must be routed
around lakes, hills, towns, environmentally sensiti ve
areas, and other such obstacles. Horizontally curv  ed
conveyors are often required to traverse these obst  acles.

As important, is the optimum vertical alignment of the conveyor. Accurate belt
stresses and tensions must be determined before the minimum curve radii can be
calculated. What are trade offs between the convey or design and the earthwork
requirements? Is it more economical to increase th e belt rating, width, or speed, in
order to reduce the cut and fill requirements? Is that the best solution or is there an
entirely different routing that could be used?

One quickly realizes that the interaction between the
routing, earthworks, and conveyor design is
extremely critical, and these item should not be
treated independently, but rather as a complete
system.

Historically, this optimization process was
painstaking difficult, often involving several diff erent
engineering groups. Many times each group was
unaware of the requirements of the others, thereby
missing opportunities to achieve the most
economical design.

When AC-Tek began the development of the “ Sidewinder ” conveyor design software,
these issues were the driving criteria. The program was designed from the ground up
with the ability to directly import and work with t he existing 3D surface topology.
Changes in the conveyor design automatically affect the conveyor routing, earthwork
volumes, and capital costs estimations. AC-Tek's e  xperienced conveyor engineers can
investigate multiple design routes quickly, and acc urately to obtain an optimal design.

Additionally, Sidewinder automatically generates all relevant design conditi ons and
material loadings. From the very start the conveyor design is treated as a “system”,
and not as series of unrelated designs.

From pre-feasibility studies to final design engine ering, let AC-Tek provide you with the
most cost effective and optimal conveyor design.

Advanced Conveyor Technologies, Inc.
19415 594t Avenue
www.actek.com Mankato, MN 56001 USA




Dynamic Analysis

Dynamic analysis is essential for all conveyors exc ept perhaps for short and simple
belts. It is used to predict the belt’'s response to transient starting and stopping force

which may be applied by the motors, brakes, take-up  , etc.

Dynamic analysis is used to:

*Test and fine tune starting and stopping controls

*Simulate “what if” scenarios such as PLC failures, v ariations
in brake torque, mechanical failures, power outages , etc.
*Determine momentary belt tensions and speeds

*Predict force and displacement at the take-up

*Simulate the control algorithms or mechanical respo nses of
drive systems such as VFD, fluid couplings, soft st art, etc.

Static analysis simulates the conveyor during stead y
state operation. Static analysis assumes the belti s
rigid and does not take into account the elastic
behavior of the belt during starting and stopping.
Dynamic analysis simulates the time transient belt
tensions, velocities, and displacement that occur
during starting and stopping. Transient conditions
are numerically solved taking into account the
elasticity and the non linear displacement force
relationship of the belt.

A conveyor belt is a very complex piece of

machinery. The drive system, belt, conveyor

profile, belt loading, take-up properties, and

idlers all interact to produce transient forces

during starting and stopping. Without dynamic

analysis it is impossible to predict the outcome

of a specific drive system or control algorithm.

Dynamic analysis is an integral part of  Sidewinder Alive software . The engineer “statically”

designs the conveyor, and then seamlessly proceeds to the dynamic analysis. Since the

static and dynamics are incorporated into a single package, the engineer can easily modify

equipment and quickly rerun both the static and dyn amic analysis. Likewise, the results
(belt tensions, displacements, velocities) of the d ynamic analysis are then directly used in
the calculations of horizontal and vertical curves, turnovers, idlers, splices, etc.
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“Newton ” Discrete Element Method Simulation Software

The proper modeling of granular flow using disconti nuum
mechanics has the potential to be one of the most s ignificant
scientific advancements in the mining industry toda y. The discrete
element method (DEM) is the name given to solution process by
which the macroscopic behavior of a system is deter mined by
modeling its individual components.

In many instances this involves the modeling of hun dreds of thousands of individual
“particles” or “groups of particles”. At its most ba sic level Newton’s equations of motion
are solved for each and every patrticle at increment  ally small time intervals.

With the tremendous advances in computing power ove r the past decade, the DEM process
is literally solve by “brute force”. Additionally, advanced constitutive equations have now
been implemented which allow accurate modeling of b oth cohesive and adhesive forces.

AC-Tek is a leader in this rapidly advancing techno  logy. Our
engineers and software developers have devoted an e  normous
amount of effect into developing the *  Newton” DEM simulation
software. Additionally, we have published several t  echnical
papers in this field, and have been involved with n umerous
projects using the DEM method.

In addition to modeling the material behavior and f  low
patterns, the DEM method also lends itself very wel | to
predicting the wear on liners, belts, and other wea r
surfaces. Furthermore, the engineer can quantitativ  ely
compare two similar designs, selecting the geometry that
provides the minimum amount of wear, dust generatio n,
material abrasion, and optimizes the entire design.

Please visit our web site to download examples of t  he
Newton software in action (go to “Newton” — “Examples ")

The total flexibility inherent to the DEM method is by far its most alluring quality. By
properly modeling the individual properties of a sy stem, it's complex, and often-chaotic
behavior, may be analyzed, altered, and improved. T  he potential applications in the mining
industry alone are enormous.
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Stockpile Sizing and

Optimization

Proper sizing of stockpiles is perhaps one of the m
in the material handling industry today. Optimal p
containment, rat-holing effects, and many other cri

are often preformed using simple hand calculations.

have been adequate in the past, they are no longer

Stockpile Optimization software includes:

* Circular, linear, telescoping, and radial stockpile

* unlimited number of reclaim locations (circular, or
 Accurate calculation of stockpile live/dead volumes
* Optimization of reclaim positions

» Ground pressure calculations and structural loading S

 Easy exporting to AutoCAD and other 3D Software
* Sloped walls, silos, tunnels, bins

and many other geometric boundaries
* much more...

allow

ost overlooked optimization issues
lacement of reclaim points, boundary
tical engineering design parameters
Although these calculations may
acceptable.

s
linear)

Additionally, the software can be tailored
to meet the needs of a specific installation
or design study. Literally hundreds of
different variations can be calculated

ing the computer to optimize the

desired output parameters.

Rat-holing, and critical reclaim
discharge sizes are also built into the
software. The software also makes it
very easy to determine the effects of
different material properties including
moisture  content, and cohesive
effects.

If you are looking to optimize a new stockpile desi
the storage capacity of an existing system, please
software and our materials handling engineering exp
for everyone involved.

From pre-feasibility studies to final design engine
most cost effective and optimal materials handling

gn, or are looking for ways to improve
give us a call. Our customized
erience results in a win-win situation

ering, let AC-Tek provide you with the
design.
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