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1 introduction

An initial design of ABC Iron OreConveyor number 11CV202 has been undertaken by Helix Technologies Pty Ltd for ABC Mining. A model of the conveyor was built in the Helix delta-T software program and then a series of Dynamic Analysis calculations were performed.

Detailed design reports obtained from the Helix delta-T software have been attached in the appendices. This report summarises the Dynamic Analysis calculation results for the existing conveyor and compares these with the Dynamic Analysis calculations results for the proposed upgraded conveyor.

2 basic description of conveyor 

2.1 Basic Conveyor Dimensions and Capacity

The conveyor is 6210m long and has a lift of 17.5m. Design capacity of the conveyor is 5500tph of copper ore. The conveyor rises gradually from the tail end to a level section before the lift to the discharge at the transfer station.
2.2 Conveyed Material

Conveyed material is Iron Ore Ore, crushed, maximum lump size is 256mm. Bulk Density varies from 1750kg/m3 up to 2200kg/m3.
2.3 Conveyor Belt

Belt width is 1800mm. Proposed Conveyor Belt is a FennerDunlop steel belt ST4500 with 10x8 covers and made with Low Rolling Resistance Rubber covers. Design Belt speed is 3.0m/s.

2.4 Idlers

Proposed carry idlers are Sandvik Series 60, 3 roll 35 degree trough with 178 diameter rollers spaced at 1.25m. Carry Idler Bearing L10h life is calculated to be 42k hours. Return idlers are Sandvik Series 59, 2 roll 10 degree Vee return, 178 mm roll diameter idlers spaced at average of 5.0m with maximum 5.244m spacing. Return Idler Bearing L10h life is calculated to be 239k hours.
2.5 Drives

The conveyor is fitted with two Drive pulleys at the head end. The Primary drive will have 2 x 1000kW motors and the secondary drive one 1000kW 6 pole squirrel cage motor. The belt speed is 3.0m/s and the reducer ratio required is a 28:1.

2.6 Drive Flywheels

This conveyor will require flywheels to be fitted to the drives in order to increase belt tensions during an emergency unpowered loaded belt stop. Refer to drive details for flywheel inertia required.

2.7 Holdbacks

The conveyor requires a holdback device to be fitted. Torque rating required is shown in the Dynamic Analysis section for conveyor Stopping Fully Loaded.
2.8 Brakes

The conveyor has a low speed brake fitted to the bend pulley which is located after the take-up pulley. This arrangement requires a 70kNm low speed brake on the pulley shaft and a proposed 1200mm diameter disc. A Svendborg BSFH 522 size (or equivalent) calliper has been selected.
2.9 Take-up

A horizontal gravity take-up is fitted at the head end of the conveyor after the secondary drive. Required take-up mass is 43000kg and a take-up travel of 30m is proposed.
2.10 Pulleys

The pulley diameters are governed by the belt requirements, in the case of a FennerDunlop ST45000 belt this results in 1600mm diameter drive pulleys and 1250mm diameter take-up and tail pulleys. Detailed design calculations have not been performed on pulleys and shafts and a pulley design check will be required from the pulley supplier at a later stage.
2.11 Vertical Curves

The conveyor has a concave vertical curve at the lift to the discharge pulley. The minimum required radius for this curve 1600m as shown on the Vertical Curves report. The proposed design radius has been selected as 3000m. 

3 Conveyor Layout

3.1 Schematic of Conveyor
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3.2 Conveyor Longsection
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The sketches above use different horizontal and vertical scales. 

4 Belt Capacity and Belt Speed

The belt width specified by the client is 1800mm. Design belt speed is 3.0m/s and capacity 5500tph. The proposed idler trough angle is 35 degrees.
4.1 Belt Capacity at Bulk Density 1750kg/m3
Calculated belt capacity at the design speed using the bulk density of the material is as follows:

	Capacity at 1750kg/m3 Bulk Density – 5500tph at 3.0m/s
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	Belt % full = 74.2%

	Calculated edge distance = 215mm

	ISO Recommended minimum edge distance = 122mm

	Recommended minimum edge distance for 256 lumps = 128mm


The above calculations do not make allowance for the large 256mm lumps, generally the edge distance should be at least half the lump size.
4.2 Belt Capacity at Bulk Density 2200kg/m3
Calculated belt capacity at the design speed using the bulk density of the material is as follows:

	Capacity at 2200kg/m3 Bulk Density – 5500tph at 3.0m/s
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	Belt % full = 59%

	Calculated edge distance = 280mm

	ISO Recommended minimum edge distance = 122mm


5 Take-up and drive traction

5.1 Installed Take-up Mass and Travel Distance

The proposed conveyor has a horizontal take-up with a trolley travel of 30m. The required take-up mass is 43000kg giving a belt tension of 210.84kN.
5.2 Drive Pulley Wrap and Lagging
The proposed Drive wrap angles are 178 on Primary and 190 degrees on Secondary. The drive pulleys should have Ceramic lagging. A co-efficient of friction of 0.35 for running and 0.45 for starting has been applied in the calculations. The minimum take-up tension required for running full is 137kN at the secondary drive and the calculated value is 211kN. Refer to Take-up and Drive Traction Report for details. 

5.3 Summary of Take-up and Traction Requirements – Static Analysis
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6 Conveyor Power requirements

6.1 Method of calculation, ISO and VISCO

Theoretical Power required depends on the friction factor applied in the models. Helix delta-T6 allows 3 main methods of calculation but only two methods have been considered in this exercise, namely the ISO 5048 method with friction factor calculated as per Helix recommendations and the Viscoelastic method which takes into account the rolling resistance properties of the conveyor belt. 

Experience has shown that the ISO method is generally about 3% to 5% conservative. The Viscoelastic method has been proven to be accurate on conveyors operating at the ambient temperatures in the Pilbara but it relies on the belt properties provided by the belt manufacturer being accurate. Helix experience indicates this Viscoelastic method can be applied providing the belt rubber properties which are actually supplied will be as quoted at time of calculation. 

Both methods and resulting power calculated are shown below for comparison purposes.

6.2 Demand Power 5500tph 3.0m/s ISO using Helix Standard
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6.3 Demand Power 5500tph 3.0m/s VISCO using Standard Rubber 30 deg C
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Rubber Properties used are:

Belt Temperature = 30 deg C

Dynamic Modulus E’ = 6 N/mm2

Loss Factor Tan(delta) = 0.13

Rolling Resistance Factor RRF = 0.072

6.4 Demand Power 5500tph 3.0m/s VISCO using FennerDunlop Low Loss Rubber 10 deg C
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Rubber Properties used are:

Belt Temperature = 10 deg C

Dynamic Modulus E’ = 19.5 N/mm2

Loss Factor Tan(delta) = 0.119

Rolling Resistance Factor RRF = 0.044 

As per FennerDunlop Data sheet
6.5 Calculated Demand Power Summary

	
	Conveyor CV202 Power Calculation, kW

	
	5500tph Helix ISO Method
	5500tph VISCO Std Rubber Method
	5500tph VISCO Low Loss Rubber Method

	Running Empty kW
	812
	797
	704

	Running Full kW
	2905
	2961
	2347

	Proposed Installed kW
	3000
	3000
	3000


In each case the proposed installed power is 3 x 1000kW drives giving a total of 3000kW.
7 Belt Tensions and safety factor

7.1 Belt Rating

The proposed belt is a ST4500 x 1800mm wide belt. The allowable operating tension rating for this belt is 675kN/m or 1215kN for the 1800mm belt. 

Breaking strength is 4500kN/m width or 8100kN for the 1.8m wide belt. Allowable running belt safety factor is normally 6.7:1 and starting belt safety factor is 5.0:1.

7.2 Static Analysis Belt Tensions and Safety Factor

	
	Conveyor CV202 Belt Tensions – Static Analysis

	
	5500tph Helix ISO Method
	5500tph VISCO Std Rubber Method
	5500tph VISCO Low Loss Rubber Method

	Maximum Run Tension kN
	1177kN
	1179kN
	982kN

	Belt Strength %
	92%
	94%
	78%

	Run Belt Safety Factor
	6.88
	6.87
	8.25

	Maximum Start Tension kN
	1214kN
	1221kN
	1160kN

	Start Belt Safety Factor
	6.67
	6.63
	6.98

	Starting Time, seconds
	150s
	172s
	67s

	Remarks
	VVVF Starter 106% FLT
	VVVF Starter 106% FLT
	VVVF Starter 106% FLT


7.3 Dynamic Analysis Belt Tensions and Safety Factor

	
	Conveyor CV202 Belt Tensions – Dynamic Analysis

	
	5500tph Helix ISO Method

	Maximum Start Tension kN
	kN

	Belt Strength %
	3%

	Dynamic Belt Safety Factor
	

	Starting Time, seconds
	s

	Remarks
	VVVF Starter 106% FLT


7.4 Static Analysis Belt Tensions at Each Pulley
Refer to the appendix file titled ‘CV202 Belt Tension Comparison ISO-VISCO Std-VISCO LRR Methods.pdf’ for a table showing the tensions at each pulley in the conveyor.
8 Conveyor Brakes and Stopping

The conveyor has a low speed brake fitted to the bend pulley which is located after the take-up pulley. This arrangement requires a 70kNm low speed brake on the pulley shaft and a proposed 1200mm diameter disc. A Svendborg BSFH 520 size (or equivalent) calliper has been selected.
Static analysis calculated stopping time (braking), fully loaded is 19.4 seconds and empty is 27.7 seconds. Refer to dynamic analysis graphs for more details of stopping times of individual pulleys and points along the belt under different loading conditions.

High speed brakes may be fitted to the drives in order to negate the flywheel inertia during an empty belt stop and or to perform belt holdback (anti-runback) duties once the belt has come to a stop. It is not recommended that brakes be applied at the drive pulleys during a fully loaded stop.
9 Conveyor Backstop or Holdback

Each drive pulley shaft should be fitted with a holdback device to prevent the belt running backwards for a period while the belt tensions re-distribute on stopping. Refer to the Dynamic Analysis fully loaded coasting stop case with no holdbacks for details. The holdback devices should be of the load sharing type in order to ensure the run-back forces are distributed evenly between the drives and the two drive pulleys.
Holdback forces are shown in the dynamic analysis calculations section above.
10 Pulley shaft calculations

10.1 Calculations to AS1403 Standard

Calculations for each pulley shaft have been performed to AS1403 standards. Two cases have been run for each shaft, one using the static analysis start and run tensions and the second using the Dynamic Analysis start and run tensions. 

10.2 Shaft Deflection

In addition to AS1403, the Helix software performs a compound shaft deflection calculation for linear and angular shaft deflection. Angular shaft deflection is normally limited to a maximum of 5 minutes of arc (0.00145 radians) and linear deflections to a maximum of 1:2000 (0.05%)

10.3 Shaft Diameters required to limit stress

Refer to report in appendix titled CV202 5500tph Shaft Report Summary Stress Diameter.pdf

This report is a summary of the calculated diameters and selected diameters for the pulley shafts. Certain assumptions regarding drive overhung loads and dimensions were necessary in roder to do these calculations. A design check will be required once actual drive dimensions and masses have been determined form the supplier drawings. 
Individual shaft calculations are detailed in the appendix.

10.4 Shaft Diameters required to limit deflection

Refer to report in appendix titled CV202 5500tph Shaft Report Summary Deflection Diameter.pdf

11 Conveyor Starting
The starting is controlled by a VVVF Drive with the following Speed vs Time curve. 
11.1 Primary Drive Starting Ramp
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As can be seen from the above curve, the starting time is 150 seconds. This start ramps up to 5% of full load speed and then has a dwell period of 15 seconds before accelerating in an S ramp curve to reach full speed after 150 seconds. The primary drive will be programmed to adjust the torque applied to the pulley to follow this speed curve and the secondary drive will be torque controlled to maintain the T2 tension on the primary drive at a constant value of 100% of secondary drive FLT.
11.2 Secondary Drive Starting Torque
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Slave Drive Torque is controlled between 10 and 97% of FLT to ensure a tight belt on the primary drive pulley at all times.

For the Empty start case the torque required at the primary drive will be about 40% of the values shown in the graph above, see estimated torque below.
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12 Dynamic Analsyis of conveyor

A full Flexible Body Dynamic Analysis of the conveyor has been carried out using Helix delta-T6 software and a summary of the analysis is shown below with details in the separate report shown in the appendix. 
12.1 Load and starting cases considered

For each load case the following dynamic analysis calculations have been done with a separate report and graphs generated for each case.

The following cases have been modelled and investigated.

Case 1 - Starting Fully Loaded

Case 2 - Starting Empty

Case 3 - Stopping Fully Loaded with Flywheels and Brake Applied 
Case 4 - Stopping Fully Loaded without Flywheels and Brake Applied (for information only, not recommended)

Case 5 - Stopping Empty with Flywheels and Brake Applied.
Case 6 - Stopping Full with Flywheels and Brake Applied with no Holdbacks

12.2 Case 1 - Starting Fully Loaded

12.2.1 Belt Velocities
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The fully loaded start results in the Drive pulley reaching full speed after about 150 seconds. Initial speed is held at 5% for 20 seconds. The tail pulley starts to accelerate after about 27 seconds and its speed oscillates slightly about the drive pulley speed.  
12.2.2 Belt Velocity - Zoomed view
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Tail pulley is stationary for 27 seconds.  The take-up line shown in red is the speed of the take-up trolley.
12.2.3 Belt Tensions
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Maximum tensions are 1318kN and belt safety factor is 6.15.
12.2.4 Zoomed view of belt tensions
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Belt tensions peak at 1318kN at the drive. Belt breaking tension is 8100kN. This yields a safety factor of 6.15:1 of belt breaking tension. Primary Drive pulley tensions are T1=1318kN and T2=460kN. Secondary Drive tensions are T1=505kN and T2=211kN. Tail pulley tension peaks at 277kN.
12.2.5 3D Belt Tensions 
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12.2.6 Take-up Travel
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The take-up carriage will move -3.65m from its stationary position location before oscillating back and forth and then settling at about -2.8m from the stationary position during running full.

12.3 Case 2 - Starting Empty
12.3.1 Belt Velocities starting empty
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Starting time Empty is 150 seconds at the drive with the tail pulley velocity oscillating about final belt velocity for a few seconds. These oscillations will damp out over time.
12.3.2 Belt Tensions starting empty
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Belt Tensions during an empty start peak at 574kN at the drive.

12.3.3 3D Belt Tensions starting empty
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12.3.4 Take-up Travel starting empty
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Take-up carriage travel is predicted to be -1.8m maximum during an empty start and it will settle at -1.3m from stationary position.
12.4 Case 3 - Stopping Fully Loaded with Flywheels and Brake Applied
12.4.1 Belt Velocity stopping full
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This case includes a 500kgm2 flywheel on each drive and a 70kNm low speed brake on the brake pulley located after the take-up.

Drive pulleys stop in 21 seconds, flywheel inertia keeps the speed ramp almost linear. 
Brake is applied and brake pulley speed slows from 3m/s to 2.5m/s for about 5 seconds before going back to 3m/s. It then slows rapidly after the 9 second mark, locks up for about 4 seconds before it moves again and eventually stops after 21 seconds. 

Tail pulley runs on for 6 seconds before slowing and finally stopping at the 24 second mark. 
The red line is the speed of the Take-up trolley itself, not the belt at the takeup.

12.4.2 Belt Tensions Stopping Full - 2D 
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Belt tension drops at the drive from the running tension, levels off and oscillates around the 350kN mark. 
The Tail pulley tension rises when the effect of the brake reaches it but it then drops very low between the 10s and 12.5s mark before recovering. The duration of the low tensions is about 2 to 3 seconds and this is enough time for the belt to sag significantly. The flywheels ensure that the tension remains above the maximum allowable sag %. 
There is a rise in tension at the drives when the holdbacks lock. Calculated primary Drive Holdback torque is shown below.

12.4.3 Zoomed view of Holdback Tension
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Primary Drive Holdback torque is calculated as

Tprim = (855-430) x 0.812 = 345kNm where 0812 is drive pulley radius.
Secondary Drive Holdback torque is calculated as

Tprim = (430-211) x 0.812 = 178kNm. 

The holdbacks fitted must be of the load sharing type to ensure that the load is shared between the drives and pulleys.

12.4.4 Take-up Movement
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Maximum take-up movement is about 3.0m and it will settle at about the starting point from running full due to the high tensions locked in at the holdbacks.
12.5 Case 4 - Stopping Full without Flywheels and with Brake Applied
Dynamic Analysis results – without flywheels and with brake applied. This calculation was performed to emphasise the need for flywheels, braking torque is 70kNm as shown in case 3.
12.5.1 Belt Velocity stopping full no flywheels
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Drive pulleys stop in 14 seconds. Tail pulley runs on at slightly reduced belt speed for about 6 seconds before decelerating. Note non linear deceleration at the drives and along the belt.
12.5.2 Belt Tensions Stopping full no flywheels - 2D 
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Belt tension drops at the drive from the running tension, levels off and oscillates around the 200kN mark. The mid point of the conveyor and the tail end show the belt tension drops very low for periods of up to 6 seconds. The duration of the low tensions is enough time for the belt to sag significantly before the tensions recover and material spillage will occur with possible structural damage and large horizontal forces on idlers.

Compare with Case 3 with flywheels added.
12.5.3 Belt Tensions Stopping full no flywheels - 3D 
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12.5.4 Take-up Movement stopping full no flywheels
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12.6 Case 5 - Stopping Empty with Flywheels and Brake Applied
12.6.1 Belt Velocity stopping empty
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Conveyor stops in 28 seconds at the drive. The drive inertia ensures an almost linear deceleration. The brake initially slows due to braking force. 
12.6.2 Belt Tensions stopping empty
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Belt tension during an empty stop with flywheels and with brake applied and holdback installed. Note the belt tension at the holdbacks is not as high as for the loaded case.

12.6.3 Take-up Movement stopping empty
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Take-up travel distance during an empty stop is predicted to be -0.85m maximum, settling at about -0.55m from the running position.

12.7 Case 6 - Stopping Full with Flywheels and Brake Applied with no Holdbacks

12.7.1 Belt Velocity stopping full no holdbacks
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The above calculation is a fully loaded braking stop with no holdbacks on the drive.

The Drive reaches zero velocity in 21 seconds but then it runs backwards until the 34 seconds mark. The reverse running is caused by the belt tensions re-distributing the belt stretch. 

This reverse running can be a safety issue and also material can be forced back into the loading and tail end of the conveyor.

12.7.2 Belt Tensions stopping full no holdbacks
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Belt tension during a fully loaded stop with no holdbacks fitted. There is a tension spike at the drives as the belt starts to run backwards but this soon re-distributes. Note the belt tension at the holdbacks is not as high as for the loaded case with holdbacks and the drive tensions settle at the same values as the take-up.

12.7.3 3D Belt Tensions stopping full with no holdbacks
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12.7.4 Take-up Movement stopping full with no holdbacks
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Take-up travel distance during an empty stop is predicted to be +3m maximum, settling at about +1.9m from the running position.

13 Belt Resonance calculations

The tensioned belt supported by the idlers may be modelled as a simply supported plate. This belt has an inherent natural frequency dependent on the span between idlers, mass of belt and material if present and the tension in the belt. The rotating idler roll also has a natural frequency induced by its eccentricity. If the natural frequency of the belt and the rotating idler coincide, resonance occurs. This resonance can have a damaging effect on the idler rolls, bearings and the conveyor structure itself and should be avoided by altering either the idler spacing, belt speed, mass of belt or belt tension.


The delta-T program has a Design Report which calculates the Idler Roll frequency and the Belt Transverse Wave frequency for each section of conveyor, and if the belt frequency and the idler frequency fall within +/- 10% of each other, a warning flag will be raised. Multiple frequency modes are also calculated.

Helix Technologies have observed the behaviour of many conveyors and we have come to recognise that the belt flap case to avoid is the one with the mode 2 warning. In this case the belt transverse wave frequency is half the idler rotation frequency and this is the case the cause the material to bunch up on the belt inducing increasing vibrations which in turn cause more material to bunch up and so on.

A resonance calculation has been carried out to check for the presence of belt transverse wave and idler rotation frequency resonance and the results are shown on the belt flap report.

13.1 Belt Flap Report
Conveyor 11CV202 does show that the resonance will be present on the existing conveyor at a number of locations along the belt. This resonance is a mode ½ frequency relationship and is not expected to cause any problems of material bunching on the belt. 

The severity of this resonance will depend on many factors including TIR of idler rollers and also the stiffness of the supporting structure. Mode 2 flags are the most severe resonance cases and are not present in this conveyor.
Refer to Belt Flap Report for rotation and belt frequencies. 
14 Reference Drawings and Documents

	Description
	Drawing Number

	ABC Iron OreSite Plan General Arrangement
	1550-0000-GA-0001-D

	Overland Conveyor 11CV202 (1800mm Belt) Conveyor Ground Profile
	1550-1100-GA-002-A

	Conveyor Design Criteria sent by email dd 13/09/2011
	CV-02 OL Conveyor Rev1.xlsx

	FennerDunlop Low Rolling Resistance (LRR) Covers specification
	Document ‘LRR.pdf’


15 Disclaimer

This report and its appendices have been compiled from information supplied by ABC Mining and other parties. The information has been used in the Helix delta-T software to perform various calculations relating to conveyors, and the results of these calculations have been presented. No guarantee is given that the data presented here is one hundred percent accurate and the recipient uses this report entirely at their own risk. 

16 Appendices

The following files in electronic file format make up the appendices to this report.

16.1 CV202 5500tph ST4500 3x1000kW 500kgm2 Flywheels ISO Static Design Report 23 Sept 2011.pdf
This report shows all the main input data for the conveyor as well as the 'rigid body' or 'static' design reports for the existing conveyor – ISO Calculation Method.
16.2 CV202 5500tph ST4500 3x1000kW 500kgm2 Flywheels VISCO Std Static Design Report 23 Sept 2011.pdf
This report shows all the main input data for the conveyor as well as the 'rigid body' or 'static' design reports for the existing conveyor – VISCO Standard rubber Calculation Method.

16.3 CV202 5500tph ST4500 3x1000kW 500kgm2 Flywheels VISCO LRR Static Design Report 23 Sept 2011.pdf
This report shows all the main input data for the conveyor as well as the 'rigid body' or 'static' design reports for the existing conveyor – VISCO Low Resistance Rubber Calculation Method.

16.4 CV202 5500tph ST4500 3x1000kW 500kgm2 Flywheels ISO Static Belt Tension Graphs 23 Sept 2011.pdf
This report shows all the static analysis belt tension graphs.
16.5 CV202 Belt Tension Comparison ISO-VISCO Std-VISCO LRR Methods.pdf
This report shows a tabular comparison of the belt tensions at each pulley for the different methods of calculation.
16.6 CV202 Dynamics Analysis Starting Full 150 sec start.pdf
Dynamic Analysis results.

16.7 CV202 Dynamics Analysis Starting Empty 150 sec start.pdf
Dynamic Analysis results.

16.8 CV202 Dynamics Analysis Stopping Braking Full with Flywheels.pdf
Dynamic Analysis results – with flywheels and with brake applied.

16.9 CV202 Dynamics Analysis Stopping Braking Full without Flywheels.pdf
Dynamic Analysis results – without flywheels and with brake applied.

16.10 CV202 Dynamics Analysis Stopping Braking Empty with Flywheels.pdf
Dynamic Analysis results.

16.11 CV202 Dynamics Analysis Stopping Braking Full with Flywheels no holdbacks.pdf
Dynamic Analysis results.

16.12 CV202 Transition Distance Head Pulley.pdf
Transition Calculation.

16.13 CV202 Transition Distance Tail Pulley.pdf.pdf
Transition Calculation.
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