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Dynamic Analysis of long conveyors using the Helix delta-T software.

Case study Muja 6.1 km long Conveyor, Western Australia
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Introduction

The Muja P2 conveyor, located near the Muja power Station near Collie in Western
Australia was built in 1997 and commissioned in 1998. During the commissioning
process, extensive testing and field measurements were taken by the designers, CDI
Inc. and the main contractors, Barclay Mowlem. The results of these field
measurements and tests were published in the Bulk Solids Handling journal, Volume
18, No.3 July 1998 on page 415 - Authors G Lodewijks and D Kruse. The results
published in this paper give a detailed insight into the behaviour of this particular
conveyor under various starting and stopping operations of the conveyor.

Helix Technologies have developed a Conveyor Dynamic Analysis software program
module which forms a new module of the well established Helix delta-T Conveyor
Design Program. This program is capable of performing detailed flexible body
conveyor belt dynamic calculations for predicting Belt Tensions, Belt Velocities and
Strains as well as movement of the gravity take-up pulley assembly during the
starting and stopping of conveyors.

Objective

The objective of this report is to show the validity of the Helix delta-T Dynamic
Analysis Calculations by comparing the output from the program with the detailed site
measurements taken on the Muja conveyor.

Muja 6.1 km Conveyor Details

The main features of the Muja P2 Conveyor are:

Length 6100m

Vertical Lift +/- 14m net lift

Material and Capacity Coal, density 850 kg/m3, capacity 770 tph

Belt Speed 4.4 m/s

Belt Class ST 800 N/mm x 800mm wide steel belt

Drives 2 x 315 kW at Head end

Brakes Disc brake at Tail pulley

Other Features Large dip in conveyor profile where belt drops -30m after
tail and then rises up again +15m
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Design Summary Report from Helix delta-T software
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Longsection drawing of Muja Conveyor showing large profile dip after Tail

Static or Rigid Body Design

The initial design calculations for a conveyor using the Helix delta-T software involve
building the model of the conveyor using the drag & drop sketching facility, specifying
equipment sizes or selecting them from the databases, optimising the drive sizes,
inertia's and braking forces etc. This process includes optimisation of the belt class,
takeup mass or tension, braking forces, and motor sizes. Also, rationalisation of
equipment such as pulleys and shafts, gearboxes, fluid couplings and so on may be
completed.

Once the rigid body or Static design calculations have been completed, a set of
design reports including belt tension graphs may be obtained. These reports are too
numerous to show here, but the ones of most interest are the Belt Tension graphs.
These are shown in Bar graph format below in order to display the split between T1
and T2 Driving and Braking tensions present at the drives and Tail brake.

Rigid body calculation - Running full belt tensions

Effective Tension at Drives

Note split between T1 and T2 tensions at the two drive pulleys
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Rigid body calculation - Starting full belt tensions

Rigid body calculation - Starting Empty belt tensions

Rigid body calculation - Stopping full belt tensions
Braking Tension

Average Rigid Body Tension 22kN at low point of conveyor

Note that the average tension at the low point of the conveyor during an emergency
stop is about 22kN. The static calculations do not show up any potential problems at
this point.

Dynamic Analysis Calculations
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Once the Static or Rigid body calculations have been completed, it is easy to perform
the Dynamic Analysis calculations. Only a few additional input values are required as
well as the Drive Torque vs Speed relationships for starting must be input.

Dynamic Calculation Input form
A sample of the Dynamics Input form shows the input values required. All are readily
available values which are either calculated for you by the software, or are simple
input values such as the run time for the calculations etc. No specialist knowledge or
data is required.
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Drive Starting Torque vs Speed Curve input
You can choose to enter a Torque Controlled Drive starting method as shown above
or a Time vs Speed Velocity Ramp or S curve as shown below. Both torque or Speed
controlled starts can be manipulated to take on any form or shape by the designer,
merely by altering the points which form the graphs.

Resistors are switched to control Starting
torque between 150% and 110% in this case

Wound Rotor Motor Torque Speed curve
Example of Wound Rotor Motor Torque Speed curve is shown above and Velocity
ramp shown below.
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Dynamic Analysis Calculation Results

The Dynamic calculations are performed at the click of a few buttons and then the
results may be viewed and printed. The results are presented in the form of 2D and
3D graphs.

Note delay before tail pulley starts to move

Click here to select other points to draw

List of points drawn in graph - double click to delete one

Sample for 2D Belt Velocity Graph shown above

Any point along the conveyor can be graphed by selecting from a drop down list of
points. 3D graphs show all points.
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Emergency Stopping - Muja Fully Loaded Conveyor

Muja Conveyor 3D Graph of Belt Velocities - Stopping Fully Loaded

Muja Conveyor - 2D Graph Belt Velocities Stopping fully Loaded

Drive velocity drops rapidly but Tail continues to move at about 4.2 m/s for 7 seconds
then drops down 1.3m/s.
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Muja Conveyor - 3D Graph Belt Tensions Stopping Fully Loaded

Drives

Time, sec

Tail

Low pt

Notes:

• Drive is midway along left bottom axis

• Time axis is along right hand side axis, zero at bottom left, 24 seconds at RHS

• Tail pulley is at far left against yellow wall of graph

• Tensions drop immediately at the drive

• Tension at the Tail remains close to running tension for about 8 seconds and
then drops rapidly to negative values - belt slip was observed at the tail brake on
site after 8 seconds
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Muja Conveyor Stopping Fully Loaded - 2D Graph of Belt Tensions

Tail Tension drops after 8 seconds

The 2-D graphs show various sections of the 3D graphs in more detail. Note the
tension at the drives drops rapidly as soon as the driving torque is removed. The
tension at the tail remains as it was during running for about 7 to 8 seconds and then
drops rapidly to 'negative' values (indicating takeup needs increasing), before
recovering again 17 seconds after the drives were switched.

Muja Conveyor - Actual measurements of belt velocity -
stopping full

The following graphs, reproduced from the Bulk Solids Handling article, show the belt
velocities at the drives and the Tail of conveyor.
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From the measurements shown in the above graph the following can be seen:

1. The Drives are switched off at the 17-second time.

2. The drive velocity drops quickly from 4.4 to about 3 m/s.

3. The tail continues to move at 4.2 m/s for about 7 seconds and then drops down

4. 8 Seconds after drives were stopped, the Tail pulley stops whilst the belt
continues to move, indicating belt slip. Ie the brake stops to pulley, but because
the belt tension has dropped too low, the belt slips.

5. The Tensions at the tail increases sufficiently after 14 seconds to a level where
the pulley starts to move again.

6. The whole conveyor is at rest after 24 seconds or so.

Conclusion

The following conclusions can be drawn from the above:

1. The information provided by the Static or Rigid body calculations did not predict
the low tensions at the tail and low point of the conveyor during stopping fully
loaded.

2. The Dynamic Analysis belt tension graphs show the low tension occurring at the
tail 8 seconds after drives are switched off. From this one could predict that the
belt would slip at the Tail drive after 8 seconds and this was in fact measured on
site.

3. The Helix delta-T Dynamic Analysis program accurately predicted the low tension
and belt slip encountered and measured on site in practice.

Further information can be obtained from Helix Technologies at:

Helix Technologies Pty Ltd
P.O. Box 610
Morley  WA 6943
Perth
Western Australia
Tel  +61 (08) 9275 0635
Fax +61 (08) 9275 0615
e-mail: helix@helixtech.com.au
http://www.helixtech.com.au

mailto:helix@helixtech.com.au
http://www.helixtech.com.au
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Muja 6.1 km conveyor - 3D graph of Belt Tensions stopping fully loaded
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Muja 6.1 km conveyor - 3D graph of Belt Velocities stopping fully loaded
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