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BELTCON_WORKSHOP

GETTING STARTED

In this workshop we will look at the basics of getting started on a project.
Each conveyor we design is part of a system, it is a 1ink between 2 processes
or portions of plant and must designed in such a manner that it satisfies the
needs of the processes and the system in general.

Bafore we pull out our slide rule, pocket hand hook, calculator or computer,
or whatever else we are going to use to calculate the conveyor, we must look
first at the purpose of the conveyor and how it is to achieve the system’s
heeds. Conveyors handle various types of material and the configuration must
cater for those differences, which mainly involve the chute design.

TYPICAL PRODUCT TYPES

PRODUCT USE PROBLEMS

1. Coal Power Station High moisture
High fines
2. Coal Export gasification Low degradation required
3. Fly Ash - Waste product Dusty 1if dry
Sticky if wet
- Abrasive
4, Coarse Ash Waste product Sticky
Abrasive
5. Limestone Cement Sticky if wet

Very abrasive if dry

6. Ores & Minerals Various Impact loadings



COAL — POWER STATIONS

In this application breakage of the product is not a main criteria since the
- product will ultimately be pulverised for boiter combustion.

The criteria here is handling the product with a high fines content and a high
moisture content. The coal at some stage will have passed through a washing
plant or will have been reciaimed from an open stockpile. Chute angles should
be selected to prevent blockages and hang ups and a concentrated effort should
be made on addressing the belt cleaning and any tailing chutes to prevent the
accumulation of scrapings resulting ultimately in blockages. Drop boxes
should be avoided for the following reasons :

1. Danger of combustion

2. A varying bias develops in the drop box favouring first a discharge
from the left followed by discharge from the right. This can play
havoc with central loading.

COAL — EXPORT AND GASIFICATION

The final product usually has'the fines removed in which case chute angles may
be lowered. Attempts to catch the material at shallow angles are required and
the need to carefully guide the coal on to the next conveyor or piece of
equipment as gently as possible is necessary to avoid degradation.

Wide, Tow speed belts with low discharges are ideal for this application. If
large distances are involved or particularly high tonnages, quicker belts may
be required. If the belt speed is such that a forward trajectory from the
head pulley is generated, separate chutes for product and scrapings is
required together with a logic and facility catering for the starting and

stopping conditions.

FLY ASH — WASTE PRODUCT

Wide, Tow speed belts are ideal for this application, where attempts should
be made to discharge the material and the scrapings directly onto the next
conveyor without contact with the chutework. This is always providing that
central loading can be achieved. Low discharges are therefore essential.
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Should circumstances dictate, then fast running belts are required and chute
contact cannot be avoided. Very Targe, steep angle chutes are required to
minimise build up and allow self cleaning of build ups, within the chute, or
allow suitable operating times to elapse before maintenance is required.

If it is not possible to have the scrapings face of the chute vertical, then
it should be as steep as possible and should be either 1ined with a continuous
strip of stainless steel or U.H.M.W. Polyethylene.

The belts will be subject to carrying water on a frequent basis as the fly ash

conditions are washed out.

There are two areas to consider here, the first being that inclines on the
belts must be low encugh to handle the water and second, should the water not
have cleared prior to the ash being sent, the ash will fluidise and spil1 from
the belt as it fails to negotiate the inc¢cline. The density gnd'angle of
repose of the fly ash will vary tremendously dependent on whether the ash is
dry or wet. Cognisance of this must be taken in the selection of belt speeds
and widths.

COARSE ASH - WASTE PRODUCT

This material tends to be very sticky and abrasive. Direct loading from Tow
discharge head pulleys onto the receiving belt is recommended for low tonnages
and Tow speed helts.

LIMESTONE — CEMENT

High discharge narrow chutes should be avoided at all cgsts with this product.
In it’s dry condition the material will flow well however as the material
speed increases in the chutes extremely high wear will resuit cutting through
steel liners in a matter of days and washing out 1iner securing bolts., When
wet, this product may stick to a vertical pane of glass. Low discharges with
minimal chute contact are therefore the order of the day.



ORES_AND MINERALS

Low discharges utilising drop/crash boxes are required to minimise impact
abrasion within the chutework. Chutework must ensure that on the discharge
the material speed and direction is as close as possible to that of the
receiving belt otherwise severe belt wear will occur. '

By considering the material we can decide upon the configuration of the
conveyor, We are not however ready to calculate yet.

We now need to congider how the system is to be fed.

TWO WAY TRANSFER USING FLOPPER GATES KS




TYPICAL MOVING HEAD

- TYPICAL STRAIGHT TRANSFER




TYPICAL OFFSET TRANSFER “ J

NORMAL RUNNING CONDITION

TYPICAL OFFSET TRANSFER “
STARTING AND STOPPING CONDITION
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TYPICAL TRANSFER FOR FLY/MIXED
ASH AT HIGH BELT SPEED -

WET TRAJECTORY

- TYPICAL TRANSFER FOR LIMESTONE
AND COARSE ASH |




SYSTEM FEEDS

1. Continuous Feed

a) Sized dry product from Apron Feeder
Vibratory Feeder
Belt Feeder
S1ide/Clamshell gate
Travelling Plough

b) R.0.M. dry product from Apron Conveyor
Balt Feedsr

2. Uneven Feed
a) Sized dry product from Bucket Elevator
Bucket Wheel Reclaimer
b)  R.0.M. product from | Twin Apron Feeders
c) Damp product from Vibrating Feeders

Gates etc

AVERAGE AND ﬂAXIMUM AND_DESIGN CAPACITIES

Average Capacity

The average capacity may be determined on a yearly, monthly, weekly or daily
basis. By determining the operating hours of the plant, holidays, system
availability and other influencing factors, an average operating capacity can
be determined. This average will form the basis for normal operation.

Normal Capacity of the Belt (T.P.H.)

This is the condition in which the conveyor may be expected to be running when
randomly inspected. The normal capacity should take into account surges and

uneven feed rates etc.
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Maximum Capacity of the Belt (T.P.H.)

This 1is the capacity at which the conveyor may be expected to run when
catching up with lost production. This figure should include surges and
uneven feed rates.

Design Capacity of the Belt

Balt width and speed selected to suit the maximum capacity including local
surges due to carry over in the chutework during stopping and subsequent
restarting at the lowest anticipated bulk density.

Power and tension calculations should be based on the maximum load conditions
generated by the maximum capacity of the belt (T.P.H.) after taking into
consideration the additional loading caused by the release of carry over in
chutework during starting, at the highest bulk density anticipated. It may
be required that an allowance over and above is requested by the client.

AREAS OF IMPORTANCE

Material Carry Over

The size of the conveyors and stopping times of the respective conveyors can
give cause for concern and designers should consider the implications of

material carry over in chutes.

Case 1

The 12 km overland conveyor fed onto a 1% km inclined conveyor, at which point
the transfer was able to contain the carry over of coal due to the varying
stopping times, however the discharge from the chute at start up was quite
capable of flooding the receiving belt beyond the point of spillage. Control
of the outflow of the chute was therefore necessary.

By restricting the flow to 2500 ton/hr an acceptable local overload slug of
some 35 metres could be handled without spillage or detriment to the system.
The receiving belt discharged into a bin and the slug generated at the
conveyor transfer caused no more problems.

The above is not always possiile.
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Case 2

A 2% km z1ightly declined conveyor was required to feed onto a 100 metre
inclined conveyor. The inclined conveyor was one of a chain of similar
conveyors feeding a stacking system.

The carry over generated if left to its own devices would fiood the 100 metre
conveyor causing spillage. More importantiy the carry over was quite capabie
of generating a slug of materié] in excess of the length of the existing
stacker boom lengths causing major overioad of these conveyors. Here a
vicious circle can easily be generated since a trip of the stacker boom on
overioad would generate a second slug at the transfer of the 2% km conveyor
to the 100 metre conveyor thus priming the system upon start up for ancther
boom belit trip ....... Control of the outlet of the chute together with
considerable braking of the 2% km conveyor was therefore necessary to give an

acceptable situation.

The above demonstrates that it is insufficient to assume that carry over may
be simply contained within a chute without consideration of the effects on the

entire system.

Models can be created to monitor the flow of coal through the chutes under the
various stoppjng conditions. These models allow for restricted flow onto the
conveyors without creation of a spillage and totalise the surpius coal
retained in the chutes. The following examples show the monitoring of the
material at the discharge between two conveyors and the build up of coal that

. occurs within the chute during stopping. The model may be adjusted to cater

for the various stopping conditions of the two conveyors and the allowable

overload of the receiving conveyor.

As the conveyors stop the quantity of material on the receiving conveyor
increases until it reaches a prescribed 1imit. From that point the surplus
material is held inside the chute where it will be discharged on start-up,
also at the prescribed 1imit of the conveyor capacity.

The model may also be run to consider the bui1a up occurring within the chutes

with the material at different bulk densities, since the chute opening will
control the material on a volume basis not a ton/hour rate.
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It follows that a number of such examples need to be considered at any
transfer point where a danger exists in the feeding conveyor stopping in a
longer time than the receiving conveyor. The most common case occurs in the
discharge between a long yard belt and a stacker boom conveyor.

As mentioned earlier the slug of material generated under such stopping
conditions also needs consideration. The following exampies show the slugs
effect on the receiving conveyor and any other small conveyor downstream of

i the discharge.

FLE : OVERLOAD Keeve Steyn Incorporated Keave Steyn Inc.
Written by OCM
Updated  11-4u=51
FORTION OF BELT OVERLOADED BY CARRY QVER DURING STOPPING Prt.dats 1d=ji=91
Materiol corried over...... 5 Toms {From "“Carrye™) {inc. mat.not heid in chute)
Conveyor copocities RECEIVING SHORTEST
CONVEYOR CONVEYOR
Maximurn cop, of beit 0.280 m*2 0.548 m"2 (At the point of spill)
Restricted cap. of belt 0.247 m"2 0.247 m"2 (Batfie or cinds opening)
Selection {max=0, rest=1) o 0
Selectet copocity 0.247 m~2 3,247 m"2
RECEIVING ) FEED FEED BELT MATERIAL CROSS TOTAL
CONVEYOR LENGTH RATE SPEED OENSITY  SEC.AREA  MATERIAL
A {m) {1/h) (m/s)  (T/m3)  (m"2) (Tors)
NORMAL 1476.18 1800 3.34 0.85 0.1751 220,99
O/LOAD 23,82 2524 3.34 0.85 0.2470 5.00
TOTAL 1500.00 1812 3.34 0.85 N/A 225.99
The conveyor hos therefore a minimum power requirement bosed on ........ 1812 tons/hour.
and o minkmum tension (sog) bosad on ... 2524 tora/hour.
SHORTEST FEED FEED BELT MATERIAL CROSS TOTAL-
CONVEYOR LENGTH RATE SPEED DENSITY SEC.AREA  MATERIAL
: {m) (r/n} (m/s)  (T/m*3} (m"2) {Tom)
NORMAL 476.18 1800 334 0.85 0.1761 71.29
0/LOAD 23.82 2524 3.34 0.85 0.2470 5.00
TOTAL 500.00 1835 3.34 0.85 N/A 76.29
The conveyor has therafors o minimum power requirement bosed on ... 1835 tons/hour.
ond o miimum tension (sog) bosed on ........ 2524 tora/hour.

N.B.A The fors per hour caculoted exciudes the inciine foctor.
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FLE ; QVERLOAD

e

Keeve Steyn Incorporated Kewve Steyn nc.

Writtens by DOM
PORTION OF BELT OVERLOADED BY CARRY OVER DURING STOPPING m '13"9—\*!-51 1
Material corried over............. 5 Toms (From “Corrye) (ine. mat.net held in churte)
Conveyor copocities RECEIVING SHORTEST
CONVEYOR CONVEYOR
wﬁmm °;fﬁ' 0.280 m"2 0.348 m"2 {At the paint of spil)
cop. 0.247 m"2 t.247 m"2 Batfie or churt
Swlsction (max=0, rest=1) 0 0 ( o chute operis)
Selected i 0.247 m"2 0.247 m"2
RECEIVING FEED FEED BELT MATERIAL CROSS TOTAL
CONVEYOR LENGTH . RATE SPEED DENSITY  SECLAREA  MATERMAL
{m) (r/n) (m/s) (T/m°3)  (m"2) (Tors)
NORMAL 76.18 18400 3.54 0.85 0.1781 11.40
0/1LOAD 23.82 2524 3.34 .85 0.2470 5.00
TOTAL 100.60 1973 3.34 0.85 N/A 16.40

The corveyor has thwrefors o minimum power requirement based of ..., 1973 tors/hour,

ond o minimum tension (sog) bosed on ... 2524 toms/hour.

SHORTEST FEED FEED BELT MATERIAL CROSS TOTAL

CONYEYOR LENGTH RATE SPEED DENSITY  SECLAREA  MATERIAL

(m) (T/r) (m/s) (f/m*3) (m"2) (Torm)

NORMAL -3.82 1800 344 0.85 0.1710 -0.55
Q/LOAD 23.82 2600 3.44 0.85 0.2470 5.00
TOTAL 20.00 2800 3.44 0.85 N/A 4,20

The conveyor has thersfore o mininum powsr requirement bassd ofl ce. 2600 tons /heur.

and a mirimum feesion (s0g) based O e, 2600 tors/hour.

NB.Y The fons per howr coculaled exchudes the inciine foctor,

THE EFFECTS OF VARYING STOPPING TIMES

whilst it is obvious that the design of the chute is such that it can both

contain any material conveyed over during stoping and discharge that materiatl

totally upon re-starting of the system. The discharge of the material from

that chute has to be considered.

Under normal circumstances the flow rate is only restricted by the height and
width of the feed skirts. “In most cases this will grossly overload the

receiving conveyor and spiilage will occur.
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PAGE i

WRITTEN : Do (XS}
UPDATED ¢ 13~kiedt
PRT.DATE:  14=di=91

LE : IDLERCAP Keeve Steyn Incorporated

[ S-ROLL BELT CAPACITY ARD EDGE CLEARENCE PROGRAMME ]
STANDARD 1
SELECTED IS0

Data

Material depth 0.265 m

Ofteat(0)n line{1)} 0 type

Beit width 1350 m

Troughing angle 35 deg

Edge dist 0.092 m

Edge dist {foread) 0.105 m

Surcharge ong. (150) 18 deg

Surcharge ong. (DIN) 12.00 deg

Matarial width 1.025 m

) Cress sec.oreq 0.196 m"2

Gole. belt width 1350 m

Eait spead 334 m/s

Matericl denmity 0.85 1/m3

incine engle 5 deg

Incine: fantor 1

Belt copocity 2000 1/h

FLE : DLERCAP Keeve Steyn Incorporated

1 B0
STANDARDS 2 CEMA
AVALABLE 3 DN
4 BS 2890
Areas
roghs 1.658 m
orea | 0.092 m*2
orea 2 0.048 m"2
orsa 3 0.058 m"2
jotal 0.196 m™2
[Stondard edee dast, 90925 m |
PACE 2
WRITTENM : DCM (K1)}

I 3-ROLL BELT CAPACITY AND EDGE CLEARENCE PROGRAMME l

35 DEG
Offant Troughing

UPDATED : 13=hi=01
PRT.DATE: 14=ht-91

CROSS SECTIONAL
AREA = 0195687 m~2
. L]
] *
. area 3 0.252 * .
* \
. ares 2 | } orea 2 .
. | | . 0.104819 Edge distance
L] i areq § l . FORCED
. ! 0.184 | . 0.320
- | -
> & 2 * & 9 2 5 8 ® @ [ ]
| I\
I |
| _ 0.500 | STANDARD 1
} I SELECTED ISo
SASS 1313 rolls
CONVEYOR PROFILE

13



R

FLE : CARRYO Keeve Steyn Incorporated P
WRITTEN : C1 (xSt
UPDATED : 13hd-591
MATERIAL ACCUMILATION AT TRANSFER POINT DLFING EMERGENCY 510PFING PRT.DATE : 1349+
COND N
Emergency stop of corveyor
CON2 hnthe INCLNES
looded_condition.
[comveyor CON1 deteis | [Cormeyor CON 2 details | I Calcuciad stopping condition |
Maxeap bat 2000 T/hr Moceop belt 2400 T/hr Tolal moterial ciscixared from 588 | W3
Opptommage 2000 T7/hr Opps.tornoge 2000 T/t | conveyer no. CONt 5.00 [Tens
Beit wicih 1200 mm Ball width 1350 mm Total material exiracted from chute 206 [ M3
Conv.length 2500 m Corw.iangih 100 m 1.75 {Tons
Corw. iift ~30 m Conw, ift S50 m Total materict heid in chade 3.82 ]
Beit velocity 342 m/s Heit velocity 342 m/s 3.25 |Tons
Mott density 0.88 T/m™3 Mat! dercsity 0.85 T/m"3 Totat addifionsl materiol to be 588§ wM3
Decsleration  0.190 m/3°2 Ducsieration  0.550 m/s"2 hondled by conveyor o, CON 2 5.00 |Tons
Accelerction 0 m/s2 Accelieration 0 m/e2 Totol copacily of chule 800 | w3
§.80 |Tons
storre Tve [ 18.00 L STOPPNG TME
FILE ; CARRYO Keeve Steyn Incorporated PAGE 2
WRITTEN : Cl (k)
POATD © (3-be-31
PAT.DATE : 13=hi=q1
BELT | TRAVEL | DELY | NSCHARGE BELT | TRAVEL [EXTRACTION| EXTRACTION MATERIAL
TIME VEL |DISTANCE] RATE | CUMMILATIVE VL |oisT, RATE | CUMMULATIVE CARRY QVER
3 m/s m 1/s TONS m/s m T/ TONS TONS m3
0 342 ) 000] oc.00 0.00 3421 0.00 0.00 0.00 0.00 | 0.00
1 3235 | 332 054 0.54 2.77 | 3.08 0.54 0.54 0.00 | 0.0
2 3.04 | 546 [ 0.51 1.05 212 | 554 051 1.05 0.00 | 0.00
3 285 | 9.40( 0.48 1.53 147 | 734 o038 1.43 0.0 | 0.2
4 266 | 12,16 | 0.45 1.98 082 | 8.48 | 022 1.65 032 [ 0.38
5 2.47 | 1473 | 0.42 2.38 0.17 | 898 | o0.10 1.75 0.64 | 076
6 228 { t7.10 | 0.39 2,78 0.00| 9.00]| 0.00 1.75 1.02 | 1.20
7 209 | 1929 | 035 313 0.00 goof 0.00 1.75 1.38 | 152
8 1.90 1 21.28 | 0.32 3.46 0.00 | 9.00 0.00 1.75 1.70 | 2.00
) 171 | 23.09 | 0.29 575 0.00 | 9.00 | o000 1.75 200 | 2.35
10 152 | 2470 | o028 409 000 900! o.00 1.75 226 | 2.66
11 133 | 26.13 | 0.23 4.24 000 ( 900 000 1.75 249 | 2.93
12 t.14 | 2736 | 0.20 4k 0.00| 9.00| o000 1.75 269 | 317
13 0.95 | 28.41 | 0.17 461 0.00 | 9.00 0.00 1.75 286 | 3.37
14 076 | 29.26 | 0.14 475 0.00 | 9.00 | 0.00 1.75 3.00 | 353
15 0.57 | 29.93 { 0.1 4.86 0.00 | s.00 | 0.00 1.75 511 | 388
16 0.38 | 30.40 | o0.08 4.94 0.00 | 900 o0.00 1.75 318 | 3.75
17 0.19 | 3058 | 0.08 4.98 c00{ 9.00] 000 1.75 3.23 | 3.80
18 0.00 | 30.78 | 0.02 s.00 0.00 f 900} 0.0 1.75 325 | 382
19 0.00 | 3078 | o.00 5.00 0.00 | 9.00 0.00 1.75 325 | 3.82
20 0.00 | 30.78 | 0.00 5.00 0.00 | 9.00 0.00 1.75 325 | 3.82
2t 0.00 | 3078 | c.00 5.00 0.00 | 9.00 0.00 1.75 325 | 3.82
22 0.00 | 30.78 | 0.00 5.00 0.00 | 9.00] 0.00 1.78 _ 3.25 | 3.a82
23 0.00 | 30.78 | D0.00 5.00 000 | 900 o.00 1.75 5.25 { 3.82
24 0.00 | 30.78 | o0.c0 5.00 000 | 900 | o000 1.75 329! 382




Keeve Steyn Incorporated PAGE 3

COAL CARRY OVER ANALYSIS

o S e B e SO e S e S s SO e SO e

1.5 1

CsRRY OVER (TONS)
N
wn

-—
1

[/]

[/]

] ok ey i e ey e g
]
[
l-~]
[
L]
[~
[

P
|~
£

]

i i 1 i l
1 I r ¥ ¥ 1 I 1

4 6 8 10 12 14 16 18 20 22 24
STOPPING TIME OF CONVEYORS (s)

—m— CHUTE (T)

—+—= CONV 1 VEL —% CONV 2 VEL —=— TOTAL (T)

15

S



FLE : TRAJ Keeve Steyn Incorporated PAGE 1
WRITTEN : CH (K}
UPDATED : 13-Mub=91
i 3 ROLL CONVEYDR TRARCTORY PLOTING PROGRAMME ] PRT.DATE: 15=hi-51
| INPUT DATA l | OUTPUT DATA '
Material depth 265 mm
Effactive rod, on bet fhe 420
Beit velocity 334 m/s Effective rod. ot mai! top 585 mm
Puley dlometer 800 mm Anguicr weloctty {top) 7.95 rod/s
Belt thickness 20 mm Anguiar velocily (btm) 795 rod/s
Bt wikith 1350 rmm Pulley veloctty 75.94 rpm
Moteriaol surchorge(|S0) 18 Deg Tengentid veiecity (lop) 545 m/s
Idler troughing ongle 35 Deg Tangentict velocity (bim) 3.34 m/s
Incire ange 0 Deg Angle of conteet (fop) 0.00 rod
Notsrici density 0.85 T/M3 Angle of coroct (bim) 0.00 rod
Feed rote (soive for) 2000 T/h VS*2/6G (top) 1.66
) v5°2/6 (bim) 2.71
! cos_of incline angie 1
FILE : TRAJ Keeve Steyn Incorporated PAGE 2
WRITTEN cl (KS)
UPDATED : 1391
[ 3 _FOLL CONVEYOR TRAJECTORY PLOTTING PROCRAMME ] PRT.DATE: 15 =jub=0 1
m=_0.00 ] [ TOP_OF_MATERIAL | [ =000 ]
1 X1 ! 1 AT Y oxds | NEW Y gxis L X1 | 01 | Xaxis i Yads | NeW X oxisl NEW Y gxis |
6,00 420,00 684,78 0.00 584.78 0.00 584.78
0.00 420.00 684.78 0.00 §84.78 2.00 684.78
167.00 12.26 | 167,00 407.74 872.52 167.00 12.26 167,00 672.52 | 167.00 672.52
334.00 49.08 | 334.00 370.95 635.73 334,00 49.05 334.00 §35.73 | 33400 635.73
501.00 | 110.36 | 501.00 309.64 574.42 501.00 | 110.35 501.00 574.42 | _501.00 574,42
E68.00 | 196.20 | 6EA.00 223.80 488,58 568.00 | 196.20 668,00 48B.58 | 668,00 488.58
| 83500 | 10656 | 838.00 113,44 378,22 835.00 | 306.56 815,00 378,22 | _435.00 378.22
1002.00 | 441.45 | 1002.00 —21.45 243.33 1002.00 ; 441.45 | 1002.00 243.33 | 1002.00 743,33
1169.00 | 6500.86 | 1169.00 —180.86 83.92 1169.00 | 600.85 | 1169.00 83.92 | 1169.00 83.92
1336.00 | 784.80 | 1336.00 —364.80 -100.02 13365.00 | 78480 | 1336.00 ~100.02 | 1336.00 -100.02
1503.00 | 3993.26 | 1503.00 —573.26 —308.48 1503.00 | 993.26 | t503.00 ~308.48_| 1503.00 ~308.46
1670.00 | i226.25 | 1670.00 806,25 —541.47 1670.00 | 1226.25 | 1670.00 —541.47 | 1670.00 41,47
| 1837.00 | 1483.76 | 1837.00 | —1063.76 —738.98 183700 | 1483.75 | _1837.00 -798,98 | 1837.00 —798.98
2104.00 | 1765.80 | 2004.00 | —1345.80 | —1081.02 2004.00 | 1765.80 | 200400 | —1081.02 | 2004.00 | —1081.02
2171.00 | 2072.36 | 2171.00 | -1652.36 | -1387.58 2171.00 | 207236 | 217100 | -1387.58 | 2171.00 | —1387,58
233800 ! 2403.45 | 233800 | ~1983.45 | —1718.57 2338.00 | 240345 | 2338.00 | —1718.67 | 2338.00 | -1718.67 |
250500 | 2759.06 | 2505.00 | -2339.06 | -2074.28 2505.00 | 2759.06 | 2508.00 | —2074.28 | 2505.00 | —2074.28 |
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HEIGHT DROPPED mm

COAL TRAJECTORY
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FLE : MPACT Keeve Steyn Incorporated PAGE 1
WRITTEN  D.C.MORGAN
CHUTE ANGLES AND ITS EFFECT ON MATERIAL MPACT ] UPDATE : 10=Ju—91
PRT.DATE 15=du-91
PRT.TMVE 03:09:42 P™
— e e | —
| !
LI ) ”e l LI [ ] | [ I ) - \ ;
* \ v Y |
’ 5\ «/ N\
FORWARD A \ . N MPACT PLATE
FEED \* \ 7 §0 DEG N I (DEFLECTOR)
0 DG \* \ | v/ TO HORZ ] * |
TO HORZ \* \ [ BACX FEED | * | 0 OEG
TO HORIZ
TYPE 1 TYPE 2 TYFE 3
CHUTETYPE [ 7] SELECTED
INPUT DATA
CHUTE ANGLE (TC HORIZONTAL) 60 DEG FRICTION ANGLE 30 DEG
INITIAL VELOCITY {HORIZONTAL) 342 NS CO-EF OF RESTITUTION (s} 0.7
INTAL VELOCITY (VERTICAL) 0 M/S MEAN BREAKAGE ENERGY 35
3\ SPECIFIC MASS OF MATERIAL 1.4 T/W3 PARTICAL SIZE 10 WM
Il
VERTICAL FALL INCREMENT 0.4 M PARTICAL MASS 0.0014 KG
FLE : WPACT Keeve Steyn Incorporated PAGE 2
i CHUTE ANGLES AND ITS EFFECT ON MATERIAL IMPACT I WRITTEN D.C.MORGAN
DATE 10~hi—51
CHUTE TYPE SELECTED PRILDATE  15-du-91
PRT.TME 03:09:42 P
“[VERTICALT {VERTICAL WORIZ. | RESULT. JANGLE OF | PACT WPACT | SLDING || CNERGY | INITIAL ENERGY
FALL  VELOQTY [VELOQTY  VELOCTY TRAL ANGLE LOSSES LOSSES LOSSES ENERGY LOSSES
{urks) 1 (/) {M/3) (M/5) {oEG) (0£6) B SE1/E cEa/E 8E/E 3 o€
] 0.000 3.420 3.420 0.00 —50.00 0.9774 C.3825 | ~1,5725 | —-1.1900 0.008 —0.010
0.4 2.801 3.420 4.421 39.32 80.68 0.1642 0.4966 0.0134 0.5100 3.014 0.007
0.8 3.952 3.420 5.234 49.20 I0.80 0.3482 Q.4549 0.0551 0.5100 0.019 9.010
1.2 4.852 3.420 5,936 54,82 5§5.18 0.4625 0.4201 0,0899 0.5100 0.02% 0.013
1.6 5.603 3,420 5.564 58.60 §1.40 0.5452 0.3331 0.1169 0.5100 0.030 0,015
2 5.254 3.420 7.137 51.37 58,63 2.5774 0.3718 0.1701 0.5418 3.036 0.019
2.4 6.862 3.420 7.667 63.51 56.49 05774 0.3546 0.2339 0.5884 0.041 0.024
2,8 7.412 3.420 B.163 £5.23 S4.77 Q.5774 0.3403 0.2822 0.6225 0.047 £.029
3.2 7.924 3.420 8.630 §6.65 53.35 0.5774 0.5282 0.3201 0.5484 0,052 0.034
386 8.404 3.420 9.073 57.86 52.14 0.5774 0.3179 0.3506 0.6685 0.058 0.039
4 8.859 3,420 9.496 58.89 51.11 D.5774 0.3090 0.5757 0.6846 0.063 0.043
4.4 9.291 3.420 9.301 63.79 50.2t 0.5774 0.3011 0,3965 0.6977 0.063 0.048
4.8 3,704 3.420 10.289 70.59 45.41 0.5774 0.2941 0.4143 02.7084 0.074 0.053
5.2 10.101 3.420 10,664 71.29 48.71 0.5774 0.2879 02,4295 4.7174 0.080 0.057
5.6 10,482 3.420 11.026 71.83 42.07 0.5774 0.2823 G.4427 6.7250 G.085 0.082
& 10,850 3.420 11,376 72.50 47.50 3.5774 Q.2772 0.4542 0.73t4 0.091 0.068
6.4 11.206 3.420 1716 73.03 45.97 0.5774 0.2725 | 0.4644 0.7368 0.096 Q.07 1
5.8 11.551 3.420 12.046 73.51 46.49 0.5774 0.2683 0.4734 0.7417 0.102 0.075
1.2 11.885 3.420 12,368 73.85 46.05 0.5774 0.2644 0.4815 0.7458 0.107 2,080
7.5 12,211 3.420 12.681 74.35 45.65 0.5774 0.2508 0,4887 0.7495 0.113 0.084
8 12.528 3.420 12,987 74.73 45.27 0.5774 0.2574 0.4953 9.7527 0.118 2.08% |
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FLE ; nPACT Keeve Steyn Incorporated PAGE 3
WRITTEN  D.C.MORGAN
DATE : 10=~dd=g §

CHUTE TYPE SELECTED PRIDATE 15-4-31
PRT.TME 13:09:42 Pt

YERTICAL 100 53.0 37.5 26.5 19.0 13.2 9.5 6.7
FALL TO T TO TO T0 T0 TO O TOTALS
{MTRS) 53 37.5 26.5 J9.0 J35.2 2.5 5.7 0.0
L] 0.17 0.02 0.00% 0.00 0.00 0.00 0.00, .00 2.20
0.4 0.09 0.01 0.00% 0.00 0.00! .00 0.00 0.00 0.10
0.8 0.17 0,02 0.00! 0.00" 0.00 0.00 0.00! .00 0.20
1,2 0.29 0.04 0.00 .00 0.00 3.00 .00 0.00 .33
1.6 0.43 0.0%5 0.0% 0.00 0.00 0.00 0.00 .00 0.49
2 0.68 0.08' 0.01 .00 0.00 0.00% 0.00 0.00 0,77
2.4 1.06 0.13 Q.02 0.00 0.00 0.00 0.00 0.00! 1,21
2.8 1.53 0.19 Q.02 0.00 0.00 3.00! 0,00 0.00 1.74)
3.2 2.07 0.28 .03 .00 .00 0.00%] 0.00 0.00% 2.35%
3.6 2.69 0.34 0.04 0.01 0.80 0.00%] 0.00 0.00 3.07
4 1.38 0.42 0.05 0.01 0.00 C.00%] 0.00 0.00 3.86
4.4 4.15 0.5 .06 0.01 0.00 0.00% 0.0 0.00 4.74
4.8 4,99 0.63 0.08 0.01 .00 0.00%] Q.00 0.00%] 570
5.2 5.90 0.74 .09 0.01 0.00 0.00 2.00 0.00 5.75
§ 5.8 6.897 0.86 0,11 0.01% 0.00% 0.00 0.00 0.00 7.87
/ ] 7.94% 1.00 Q.12 0.02% 0.00% 0.00 0.00 0.00 5.08
6.4 9.07 1.14 0,147 0.02 2.00 0.00%] 0.00 0.00 10.37%
6.8 10.27 1.29 0.16%] 0.02 0.00 0.00%] 0.00 .00 11.74
7.2 11.54 1,45 0.18 0.02 .00 2.00 0.00 0.00 13.19
7.6 12.88 1.62 0.20! 0.03 0.00 0.00 0.00! 0.00 14.73
[ 14.29% 1.78 0.22 0,03 2.00 0.00 0,00 0.00 16.34
FRE : IMPACT Keeve Steyn Incorporated PAGE ‘
WRTTEN  D.CMoRGAN
DATE 10~Ju=0 1
CHUTE TYPE SELECTED PRIDATE  15-as~91

PRT.TME C3:09:42 PM

VERT.FALL SELECTED

TARTICAL 100 53.0 37.5 265 19.0 132 35 5.7
< Max T0 TO T0 10 T0 T0 70 10 TOTALS
L | 53.0 37.5 26.5 19.0 13.2 9.5 8.7 0.0
T 1 I N A1 I IR 5.00 8.90% 3390 T00.00
53.0 6.05 3.00 3.00 0.00 0.03 018 082 312 10.20
375 5.08 0.00 0,00 0.00 0.01 .09 0.42% 5.60
26.5 7.24 0.00 0.00 0.00% _ 0.01% 0057 7.30
19.0 . 8.79 0.00 0.00 ,
13.2 10,30 0.00
9.5 5.00
6.7
0.0 I
5,05 S08F _ TIaW S7em 1033 3187 Sa7m 2350 100.00
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I CIRCULAR STOCKYARD CALCULATION

¥
.

! S

Centre Line

Reclaimer Blade

Pile

Reclaimer

Inside Diameter Pile Offset
e e ———
e _Centroid Blade Widith
— = —
Qutside Diameter -
INPUT DATA OUTPUT DATA
OUTER DIAMETER OF PILE 87,420 METRES HEIGHT OF STOCKPILE 15,226 METRES
INNER DIAMETER OF PILE 6,600 METRES DIAMETER OF CENTRIOD 47,010 METRES
ANGLE OF REPOSE 37,000 © DEG FULL PILE 232,728 °
BULK DENSITY OF MATL 0,850 T/m? DEG WEDGE 59,272 °
Keeve Steyn Incorporated
| SPUITTER BIN CAPACITY |
TOTAL TOTAL
ITEM DIA LENGTH WITDTH HEIQHT RATIO ANGQLE YOLUME QUANTITY | CAPACITY
BOTTOM 1,800 ©,900 0,400 2,000 0,000 0548 4 2,203
BASE A 1,800 0,800 1,930 2,000 25,001 6,253 4 21,261
TRANS B 1,800 2,700 0,350 1,500 0,000 1,701 4 5,783
WEDGEC 1,800 2,700 2,895 1,500 25001 24,622 4 83,715
TRANS D 4,500 2,700 0,900 1,867 0,000 10,935 4 arirs
WEDGE E 4,500 2,700 1,930 1,667 25,001 31,266 4 106,304
BIN F 4,500 4,500 7.129 1,000 0,000 144,367 4 490,846
BIN F 4,500 4,500
CONE G 9,000 3,516 52,000 74,555 63,372
RELIEF H 9,000 9,000 9,000 1,456 -8,438 7172
Sum -> 203,49

COAL DENSITY

MATERIAL HEIGHT IN BIN
ANGLE OF REPOSE

TOTAL BIN CAPACITY

18,050 METRES
0,850 TONS/mM?
aB DEG

803,481 TONS
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KILOWATTS AND KILONEWTONS

CALCULATION OF POWER REQUIREMENTS AND
TENSILE FORCES ON CONVEYOR BELTS

S.P. ZAMORANO

SWF BULK MATERIALS HANDLING (PTY) LTD
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SUMMARY

The basic considerations required for the calculation of power requirements and
tensile forces in conventional idler supported troughed conveyor belts are
discussed.

The information of the use of different design standards as well as the
importance of the use of engineering criteria are analysed regarding practical
applications.
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1.0

2.0

3.0

3.1

INTRODUCTION

This paper does not intend to present an "academic” discussion
of conveyor belt design, but rather an analysis of the most
common practical problems encountered when designing a
conveyor belt,

The scope of the discussion is. limited to power requirements and
rigid body tensile forces on conventional conveyor belts. The
calculation and analysis of elasto-dynamic forces as well as the
implications of the use of horizontal curves are not treated here,
as they are regarded as "specialities” and are not part of the
routine design.

DESIGN STANDARDS

To date, many different standards for the design of conveyor belts
have been written, within them, CEMA, (1) is perhaps the most
famous, however, ISO 5084 (2) is becoming increasingly
recognised as “the" international standard. Other recognised
standards are the Good Year (3) and the British MHEA (4)
between many others.

The main difference between the different standards is the form
in which the conveyor belt resistances are calculated.

MAIN RESISTANCES

The main resistances in a conveyor belt can be divided into lifting
and frictional resistances.

Lifting Resistance

This is one of the few parameters in the design of a conveyor belt
that can be determined accurately. The lifting resistance is the
force required to Iift the material carried by the conveyor belt,
from the feed point to the discharge point, is given by:

FF=C H g [1]

Where C, = Mass of material handled per meter

H Lift of the conveyor between load and unload
area
g = Gravity constant (9,81m/s?)

REP.001/82/tb



3.2

This resistance can be positive, null or negative, depending on
the slope of the conveyor, and can vary along a complex profile
conveyor (typically overland conveyors)

Frictional Resistance .

The frictional resistance on a conveyor belt can be separated in
two main components.

- Rotational resistance of the carrying and return strands
idlers due to friction in the idler bearing and seals. This
resistance is mainly dependant on the type of bearing and

- seals used.

- Belt resistance, formed by the resistance caused by the
belt indentation on the idler, the resistance produced by
the belt sag between idlers and the resistance produced
by the repeated flexure of the belt.

The CEMA standard tries to calculate these two components
separately using a factor called kx that accounts for the idler
resistance and the resistance due to the slide between the idler
and the belt, while another factor called ky is used to calculate the
fiexure resistance of the belt. An additional factor kt is used to
account for the effect of the variation of temperature (due mainly
to increased bearing resistance at sub-zero conditions).

ISO on the other hand makes use of a ficticious friction value,
taking 0,02 for average applications, while for well aligned.
installations with low internal friction materials this value can be
dropped to 0,016. For badly aligned conveyors and high internal
friction materials this value is increased to 0,03 while for downhill
regenerative conveyors, this factor is chosen as 0,012 (these are
conveyors that "generate” energy instead of absorbing it). in
general the selection of the friction is left to the designer and the
same factor is used for the carry and return strands.

Good Year uses a system similar to I1SO, but the basic friction
value is taken as 0,022 (10% higher than ISO), varying also
accordingly to external conditions. Although CEMA takes into
account the effect of idler spacing, belt tension and material
characteristics, it must be noted that important factors like belt
material, belt hysteresis and the change of belt properties with
temperature are not taken into account.

REP.003 /SZ/tb



4.0

The use of CEMA standard by unexperienced personnel can
easily lead to a false sense of confidence if the person using the
method is not conscious that the values on CEMA’s tables are
not exact values, but rather average values from numerous -
different applications. However, there are many designers who
believe they can calculate the frictional resistance of a conveyor
belt within 5% accuracy, when in practice this value can change
20% or more due to different circumstances in the same
conveyor.

~ On the other hand, the use of a constant frictional factor, as

recommended by ISO {providing the right criteria is applied), has
been proven to be sufficiently accurate for normal applications.

When the accurate calculation of belt tensions is required like in
long undulating conveyors, the use of research data relevant to
the application must be used (for example references (5) and (6)),
and all probable loading and environmental conditions simulated.

The frictional resistance of a conveyor belt can be calculated with
the formula:

F=MLg[Msp+ Mg + (2M, + C)) COS x ] [2]

Where M

= coefficient of friction
g = constant of gravity
L = conveyor length
Moo = rotating mass of carrying idiers per
- meter of conveyor
My = rotating mass of return idlers per
meter of conveyor
M, = belt mass per meter
C, = mass of material handled per meter
X = angle of inclination of the conveyor

In case of conveyors with multiple loading or unloading points, or
when partial load conditions are to be analysed, equation [2Z]
must be applied separately for the different sections of the belt.
"Section” can be defined as a portion of the belt with the same
loading condition, slope and idler spacing.

SECONDARY RESISTANCES

In some standards like Good Year the secondary resistances are
calculated by adding an equivalent length to the real length of the
conveyor (in a similar way to the hydraulic piping systems); this
length is 60m for a "typical" conveyor.

REPO01/$2/th



5.0

6.0

In the case of the MHEA, different friction factors are used for
different lengths of conveyors, for belt and idler friction factor,
while the equivalent length (for conveyors below 1000m long} is
given by:

L. = 0,665 L + 30 3]

in general the use of MHEA leads to an equivalent friction factor
as low as 0.016 on very long conveyors.

CEMA Standard makes provision for the calculation of the force
required to accelerate the material and the friction between the
material and the skirtplates in the loading area.

In the 1SO standard, an approximate value of the secondary
resistances can be obtained using a C factor, that multiplies the
main frictional resistances. This factor is a function of length and
is presented on figure 2. However, in case of short, high capacity
or high speed conveyors, the secondary resistances can be
calculated in detail with the help of table 1. It must be noted that
the use of the C factor is recommended only for conveyors longer
than 80m. Special care must be taken with high speed, high
capacity conveyors, for example, on a shiploader boom conveyor
transporting coal at a rate of 12000 tons per hour at 7 m/2 -
requires 147 kw to accelerate the material, while about 45kw are
required to overcome the frictional resistances, this is of course
an extreme example.

SPECIAL RESISTANCES

These resistances are present only on some conveyors, many
different formulae are available and they will not be discussed in
detail; formulae for the calculation of some of them is presented
on table 2.

POWER REQUIREMENTS
The power required to drive a conveyor is given by:

Fr V/7 [4]
summary of all resistances

conveyor belt speed

drive efficiency

A<M
1S | [ [

REF001/52/th



7.0

The question of when to use single or multiple motors is
determined by factors like cost and belt tensions as discussed on
point 7.

TRANSMISSION OF POWER TO THE BELT

Power is transmitted to the belt by means of the friction between
the drive pulley(s) ad the belt. In general the use of a single drive
results in the minimum cost for the drive, but it increases the
tensions in the belt, therefore increasing the belt cost.

The minimum tension- F, (see figure 3) required for the
transmission of a peripheral force F, from the driving pulley to the
belt is given by:

F,.> E [5]

s e

e"e -1

coefficient of friction between the
pulley and the belt

Where n

I

e angle of wrap around the pulley

The coefficient of friction is given different values by different
sources, usually varying according to pufley lagging. For example
CEMA proposes a value of 0,25 for uniagged pulleys and 0.35 for
lagged pulleys while 1SO proposes different values according to
the type of lagging and operational conditions (table 3).

It is generally assumed that friction is strictly of coulomb type, this
assumption is not strictly valid and values normally used are not
actual friction coefficients, but empirical values which are lower in
magnitude than the actual values, the empirical coefficients used
provide in general a conservative design. Although a lot of
research has been done on the subject, the mechanisms of
friction development between the pulley and the belts are not fully
understood.

It is a common practice to use a reduced friction factor when
using "fixed" take-ups (i.e that don't move during operated) in
order to compensate for the tension reduction due to belt stretch.
However, this method is more of a "thumbsuck" than anything
else, the correct procedure is to calculate the belt elastic stretch
on loaded condition, and then calculate the necessary extra
tension in the take-up in order to "pre-stretch" the beit before the

start-up.

REP.001/SZ/1b
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The maximum tension in the belt (with a single drive) is given by:
Fm=F, + Fz - el

The use of dual drives allows the reduction of the minimum
tension, as only a fraction of the effective tension is transmitted in
the secondary drive, so the minimum tension is reduced.

In general the minimum tension is produced when 1/3 of the
power is transmitted by the secondary drive. ,

in the case of long, horizontal conveyors, the use of a tail drive
results in further reduction of the maximum tension, as the
resistance of the return strand is taken by this drive.

In the case of long, high lift or very long horizontal conveyors,
where belt tensions are too high, maximum tension can be further
reduced with the use of linear or "booster” drives. In this system,

_ that consist of a booster belt located underneath the main belt,

power transmission takes place by the coulomb friction between
the two belts (see figure 7). No design standard exists for this
sort of drive, and their design is regarded as an speciality.

It is a common belief that the power sharing ration between two
drives can be changed by changing their respective angles of
wrap, this is not true, as the angle of wrap only determines (for
a given Fz tension) the maximum power that can be transmitted
without slip on the pulley.

MINIMUM BELT TENSION

Further to the minimum tension required to prevent slip, a
minimum tension is required to prevent excessive sag of the belt
between idlers.

The sag between idlers is given by:

F, >1 (M +C)g | - {7
8.8S

Where

I
s

spacing between idlers
belt sag

REP.00L/SZ/tb
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The bsit sag is usually limited to a 2% (0.02), both for the carry

and return strands (CEMA allows 3% sag). Sag shouid be
calculated for different loading conditions in the case of complex
profile conveyors. :

CONVEYOR BELTY CAPACITY

In the previous points, the load on the belt has been used for
calculations, but which load is used for which calculation has not
been defined.

When talking about conveyor capacity many different terms are
used:

- Average capacity

- Maximum "flow sheet" capacity
- Peak capacity-

- Design capacity

- Flooded belt capacity

Many times the metallurgical or mining engineer calculates the
maximum load ever to be present in the conveyor and calls it
design capacity, when in fact this value should be treated as a
peak capacity. The following criteria should be used after
checking the nature of the loading:-

- Average capacity
Volumetric loading should be 90% or less, drive capacity
should be ample to handle the required throughput.

- Maximum "flow sheet"

After the probability of this value to increase has been
assessed as being minimal, the belt can be designed to be
100% loaded {providing good control can be exerted on
loading, eg via feeders) and the drive 100% utilised.
However, care must be exercised mainly in the case of
process plants, where conditions are likely to change
dramatically. -

- On peak capacity the conveyor should be 100% full and
drive can be up to 10% overload (peak capacity should be
experienced for no more than 30 minutes or a belt cycle,
whichever fonger).

REP001/62/tb
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- Design capacity
Conveyor should be loaded close to 100%, depending on
the ability to control the flow (in case of cyclic loads like in
crusher and BW reclaimers volumetric utilisation should be
reduced), the same applies for drive selection.

- Flooded belt capacity
On this condition belt is assumed to be loaded up to the
edge, the drive is required to start up and empty the belt,
drive overload of 20% or more can be allowed, depending
of motor characteristics. Obviously this capacity is only
required if the flooding of the belt is probable.

As with the lifting resistance the volumetric capacity of a conveyor
belt is calculated in quite a standard way, using the cross section
of the loaded belt (figures 4 to 6), the edge distance varies slightly
between standards, for example in 1SO its given by: -

d = 0,05 W + 0,025 {(mm) 8]
with W = belt width, while Good Year uses the formulae
d=0055W+ 0,9 (mm) [9]

The DIN standard (7) is slightly different, calcuiating the top part
of the area as a triangle and using the dynamic angle of slope
instead of the surcharge angle used by other standards, however,
equivalence factor with I1SO are provided in the same code.

BELT CLASS

The main mechanism to determine the required belt class is
through the safety factor, that generally is 10 for fabric beits and
6.7 for steel cord belts (GOOD YEAR), these factors already
include an allowance for start up factors between 1.3 and 1.6,
therefore, if dynamic forces are known, a relevant safety factor of
6.25 for fabric and 4.2 for steel cord could be used. However,
care must be taken when using these factors, not only quasi-
static forces must be calculated but also elasto-dynamic transient
forces. : :

REPO1/SZ/tb
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When a complete elasto-dynamic analysis is performed a safety
factor of 4 for static condition and 3 for transient conditions can
be used, in the case of steel cord belt. Actually the limiting factor
on steel cord belts is the fatigue resistance of the belt splice, that
varies between 28 and 50% of the belt rating.

In the case of long, high capacity conveyors the use of traditional

safety factors is no longer appropriate and elasto-dynamic forces
must be calculated through a proper analysis method.

STANDARDISATION V'S RATIONALISATION

No magical formula exist to determine when to use single or
multiple drives or when to use higher or lower class belts, the
decision must be taken on a one tc one basis, while experience
aliows the formation of a "data base" that helps to take design
decisions.

A design parameter commonly used in our days is
standardisation, ie, the maximum number of standard
components is used, even if these components are over designed
for a particular application. In this form spare and inventory costs
are reduced and maintenance simplified. However, sometimes
these otherwise healthy principle is taken up to extremes, and for
example a 30kW drive is used for a conveyor with an absorbed
power of 3.5kW (this is a real life example), the cost of a 7.5kW
drive (already oversized) plus a complete spare drive is about 2/3
of the cost of the 30kW unit.

Maybe rationalisation should replace standardisation as the way
to follow, in other words the emphasis is put in reducing the
overall capital and operational cost making use of standardisation

when required.

Over dimensioning is regarded as a healthy practice in the
materials handling industry, but an oversized drive requires an
oversized belt that requires oversized pulleys and so on. When
for example only the drive is oversized, the probability of
damaging the conveyor increases dramatically..

There are many exémples when drive oversizing, with no
allowance for dynamic forces had caused conveyor failure.

REP.001/82/th



12.0 PRACTICAL APPLICATION

An existing silo feed conveyor (See figure B} is analysed and two
alternative designs compared.

12.1 Data
Material coal, sized
Bulk density 900kg/m®
Surcharge anglr 10° (original design
20° (actual design value)
Capacity 1200 tph
Trough angle 35°
12.2 Original Design

Designed by consultants in 1989. According to ISO 5048, using
C factor plus special resistances.

Belt width 1600 mm
Belt speed 2,25 m/s
Volumetric loading 58.1%
(10° surcharge angle)
Idier spacing 1.25 carry
2.25 return
Belt class ST 1250 15/5 covers
Belt mass 52.7kg/m
Absorbed power 231.09 kW
Installed power 400 kW
Brake 1050 N.m (high speed)
Coasting time 2.05 sec
Braking time 1.25 sec
Holdback 130 kN.m
Take up mass 20 tons
Drive pulley 1300/280 mm bearings
Low tension pulleys 1000/160 mm bearings
Gearbox 400 kw 43.863:1
12.3 Alternative Design
- Belt width 1200 mm
Belt speed 3.5 m/s
Volumetric loading 64.8 %
(20° surcharge angle)
idler spacing 2.25 carry
.5 return
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12.5

Belt class 800 kN/m 6.3/3 covers

Belt mass 17 kg/m

Absorbed power 205 kW

Installed power 220 kW

Brake . None

Coasting time 8 sec

Braking time -

Hold back 22 kN.m

Take up mass 8 tons

Drive pulley 650/160 mm bearings
Low tensiqon pulleys 500/125 mm bearings
Gearbox 220 kW 14.1:1

Cost Comparison (estimated prices)

ITEM CURRENT DESIGN NEW DESIGN
BELTING 232 000 113 000

DRIVE 240 000 111 000
PULLEYS 128 000 43 000

IDLERS 102 000 46 000
STEELWORK 840 000 650 000

TOTAL 1 542 000 963 000

NOTE: PRICES IN RANDS, 1 USS = 2,9 RANDS, BASE

AUGUST 1991

Discussion

The two designs presented here are based on ISO 5048, the
huge differences in specifications and costs are mainly based on
different engineering criteria.

On the original design a friction factor (for the belt) of 0.024 was
used, compared with a factor of 0.02 for the alternative design,
however, this factor has little influence as most of the power is
used to lift the material.

Both designs aim to a volumetric utilisation of the belt of 2/3 of
the maximum, but the original design uses an ultraconservative
10° surcharge angle, and a relative low speed conveyor. This
low speed is not justifed as material degradation is not a concern.



13.0

On the original design, the belt has an expected wear life of 35
years, while in the alternative this life is about 15 years (using
Continental’s formulae). However, chances are that belts will be
replaced within 8 years due to side damage, ply separation, belt
tearing, etc. In other words, the use of a thicker belt does not
guarantee a longer life.

This comparison is not presented as a critic to the original design
(that was motivated mainiy by standardisation contraints), but as
a way to illustrate that the criteria used in the design is the
paramount factor for the final resutt, and even when using the
same design standard, totally different results can be produced.

For further illustration, calculations for the alternative design, using
ISO "C" factor, and calculating secondary resistances, as well as
results of a program speciaslised on drive component
specification, are enclosed.

CONCLUSION

Adequate conveyor belt design is the result of the application of
common sense, experience and engineering criteria. Design
standards should be regarded as guidslines and not as the
"bible". | '
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EWNe

10.
11.
12,
13.

14.
15.
16,

The Beit. Carries the material and transmits the power.
Head of Conveyor. The discharge end of the conveyor.
Tail of Conveyor. The loading end of the conveyor.
Carrying Idlers. Idiers which support the loaded belt.
An assembly of one or more carrying idlers, suitably
mounted, comprises a carrying idler set.

. Return Idlers. 1dlers which support the empty side of belt.

An assembly of one or more return idlers, suitably

" mounted, comprises a return idler set.

Drive. The equipment which drives the belt, comprising
power unit, transmission and driving pulley or pulleys.
Power Unit, Motor or engine. .

Transmission. An assembly of devices coupling the power
unit to the drive pulley/pulleys to drive the belt at the
desired speed.

Driving Pulley. A pulley which drives the belt,

. Toke-up Device. A device for taking up slack and applying

tension to the belt. Also for storing excess belt, ie storage
loop. :

Snub Pudley. A pulley used to increase the arc of contact of
the belt on the drive pulley.

Bend Pulley. A pulley used to change the direction of the
belt.

Head Pulley. The terminal pulley at the head end of a
cohveyor. This may be a drive pulley.

Tail Pulley. The terniinal pulley at the tail end of 2
conveyor. This may be a take-up puiley.

Take-up Pulley. The travelling pulley used in the take-up
device.

Anti Run Back. An avtomatic device for preventing a
loaded elevating conveyor running backwards when the
power source is removed. :
Retarder. A device for preventing the over-speeding of a
regenerative conveyor, ,

Brake, A device for bringing conveyor to rest and
maintaining it at rest,

Cleaner. A device for removing material which may adhere
to the belt or pulley.

17. Handing of Conveyor. The sides of a unidirectional belt
conveyor are left-hand or right-hand when looking from th
tail towards the head of the conveyor. :

18. Tripper. A device usually comprising two or more pulleys,
mounted either in a fixed position or on a travelling
carriage, for discharging material from a belt conveyor
continuously or at selected points or at any point along the
length. C- -

19. Shutile Conveyor. A unidirectional or reversible belt
conveyor having over-end discharge, the whole being
mounted on a travelling carriage capable of being shuttled
backwards and forwards along a track, discharging
continuously or at selected points. -

20. Plough. Ablade or blades mounted obliquely across the
belt to discharge the material by deflecting it from the belt.
Note: Can be useful where headroom and space is limited,
but is not recommended for any duty other than slow speed
conveyors handling non-abrasive free flowing materials.

21. Chute, A straight, curved or spiral, open topped or enclosed
smooth trough, by which materials are directed and lowered
by gravity.

22. Safeguard. A guard or device designed to protect persons
from danger.

Adjustment

Direction |
f @\A of travel
— O 3 fﬁg‘ﬁ
SFONS

Conveyor Length

A

¥ Alternative Tensioning Devices '

Note: Numbefs correspond to those given in the Definitions

FIG 1 TYPICAL TROUGHED BELT CONVEYOR
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Figure 3 — Tensile forces exerted on the belt
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Figureq — Trough section with three carrying idlers
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Figure § — Trough section with two carrying idlers
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Figure § — Section with one carrying idler
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rrxeEdxk*rGWE CONVEYOR BELT FROGRAM #¥%E%X¥XXEEXEN
spxsrsACCORDING TO ISO SPECIFICATION SH4%R®xkEas

A ¥eEREwRVERSTION MARCH 1991 #%%#tEtedd

CONVEYOR BELT NAME

CENTRE DISTANCE (m)

LIFT (m}

NEEDED CRAFACITY (t/h)
MATERIAL DENSITY (t/cubm)
SYETEM FRICTION FACTOR
IDDLER UNIT ™MASS(kg/m}
RETURN SIDE UNIT MASS (kg/m)
ADDITIONAL RESISTANCE (kNI

RASIC OUTRPUT

BELT WIDTH {mm}

BELT SFEED {m/s)

ABSORVED FOWER (kW)
AFFROYIMATE BELT CLASE (kN/m)
EFFECTIVE TENSION (N}
AFPROXIMATE MOTOR SIZE (kW)
MO LDAD FOWER (kW)

kEFEUEERER BOB TENSION sxxixs
IDLLERE CENTRE DISTANCE (m}

aAG TENSION (ki)
TakE~UF TENSIONM FOR SAE (RN}

LI (S 1IN {1  I

M no

=zilo feed
el
42
123
.7
.
28
24
1

LR LI

T I

126

3.5

21, 35T
g

5T, 5358
313

1. 74823

~ e
oo

15. 4836
17.81#53

HOR DISTANCE BETWEEN TAKE-UP AND FEEDING FOINT (m)= 144
UER DISTANCE BETWEEN TAKE-UFP AND FEEDING FOINT (m)=—1d

rxpEraer CONDCOAVE BRADIUS #2xrsiiXiiaxdd
CONCAVE RADIUS HORIZONTAL DISTANCE (m)
CONCAVE RADIUE VERTICAL DIGTANCE (m)
CONCAEVE RADIUS (m)

sEaxErrHe NUMBER OF FLIES #¥3ixfexiis
NUMEBRER GF FLIES (SINTHETIC BELT)
rxuxrsery PULLEY SHAFTS X TR S k2 3

PLUANTITY OF DRIVE FULLEYS

FULLEY RADIVUE (m?

FOWER SHARING FACTOR

HIGH TENSION FULLEY WRAFP ANGLE
INTERMEDIATE TENSION FULLEY WRAF ANGLE
LOW TENSION PULLEY WRAF ANGLE -

FRIMARY DRIVE FULLEY SHAFT DIAM(mm)
SECONDARY DRIVE FULLEY SHAFT DIAM(mm)
HIBGH TENSION FULLEY SHAFT DIAM(mm)
INTERMEDIATE TENSION FULLEY SHAFT DIAM(mm
LOW TENSION FULLEY SHAFT DIAM(mm) :

rrakEExEi® TAKE UP MOVEMENT *¥xxx

TAEE-UF
REQUIRED TAKE-UF MOVEMENT

L

1 N { T AN 1 O N LA

0

Bé
7.8

e

488. 4544

1

i g

1@

21¢

1ed

13a

196, 35909
{f
189.%418
134.72%1
134, 7291

MOVAERLE
6. T46TEB



pxpxpxErxex TOP COVER THICENESS INFORMAT TONK %X %N %%

CHUTE HEIGHT : = 2

DEAD BOXES = fif
SLAERINESE = .3

MAX IMUM LUMF SIZE = A
IMFACT CATEGORY = 1

TOF COVER THICENESS (FOR IMFACT) = 1,845424
TOR COVER THICKENESS (FOR WEAR) = 2.5
-h'-**-N-*%****%*HDLDBQCH: FORCE®¥%# X %% % HX4¥

INCLINED LENGTH (m) = 224
HOLDBACK FORCE (kN = 41.1118%
PULLEY FRICTION FACTOR = .25

NEEDED HOLDBACE FULLEY WRAF ANGLE = 15.71859
HORIZONTAL DISTANCE BETWEEN HOLDBACK AND TARE-UF (m) = 1B
VERTICAL DISTANCE BETWEEN HOLDEBACE AND TARKE-UF {m 3 =00

%5 x2xUTILIZATION FERSENTAGE®#¥s%#%%%

TROURBH ANGLE {degrees) = 45
SURCHAREE ANGLE (degrees) = 2
STEEFEST INCLINE (degrees) = 12
UTILISATION FERSENTAGE &4.78BBB3

it H

MAaY IMUM VOLUME CAFACITY (t/h) 1858, 171

XA NEXXEREXABELT STRETCH AT FULL LOAD¥EXEAXXXAENH

BELT MODULE (EN/m) &
BELT STRETCH (m) 4, 489368
EXTRG FRETENSION FOR FIXED TARE-UP (kN) 52.735991

mnn

FEERNAAEEEEEE MOTOR INFORMATION %XxgaEdXXasd

MOTOR SIZE (kW)

= G

AMPERES (3B@ VOLTS) = 378.14d5
MOTOR RBUANTITY = 1
CEARBOX EFFECTIVITY = 97
wapurd DIFFERENT BELT TENSIONES #x¥&x:

LAY-OUT 1= HEAD DRIVE

WEAF ANGLE (degrees) = 21
FULLEY FRICTION FACTOR = 25
RETURN SIDE TENSION {kNM/m) = 31.94166
CMAXIMUM TENSION (EN/m) = TR.9H321
HOR DISTANCE BETWEEN DRIVE AND TARKE-UF(m) = 184

VERT DISTANCE BETWEEN DRIVE AND TAKE-UF(m) =-3%9

TAEE~-UF BELT TENSION (kN) = 38.68464
TAKE~-UF FORCE (kN) = TTF.346931
TAKE-UF REEVINMG FACTOR = 2

HA X% EXREFBELT INFORMAT ITORER KK FHEHHHK K%K

BELT CLAES = B@d
BELT TIFE =GINTHETIC
BEL.T MASS = 17



###¢ER%EXAEWF CONVEYOR BELT FPROGRAM X%¥%%#%EXEEEs
#Hu###ACCORDING TO ISD SFECIFICATION SHADHEHXEXHS

F#EEEXEEEXVERSION MARCH 19%i%#%s%xxasdid

CONVEYDOR BELT NAME

CEMTRE DISTANCE (m)

LIFT(m

NEEDED CAFACITY (/R
MATERIAL DRENEITY (t/cubm)
EYSTEM FRICTION FACTOR
IDDLER UNIT MABS (kg/m)
RETURMN SIDE UNIT MASS(kg/m)
ADDITIONAL RESISTANCE (kN)

EBEASIC QUTRUT

BELT WIDTH {mm)

RELT SPEED (m/ &)

ABESORVED FOWER (kWD
AFFROXIMATE BELT CLASS (khN/m}
EFFECTIVE TENEION (LN}
ARFREXIMATE MOTOR SIZE (kW)
MO LOAD rOWER (ki)

raExExEx2d SAG TENSION #xxex%

IDLERE CENTRE DISTANCE (m)
SAG TENSION (KN)
TARE-UFR TENSION FOR SAG (KMN)

I T T LI | I 1

[T

1N B 11

=Silo feed ~ detail calculatio
3l

45

1@

.7

e
28
24

1

I L

Rl
35

2@1., 35T )
SE ’
=7 53058

315

1. 74823

Lo ]
alx aild

15. 4838
1T.B1e53

HOR DISTANCE BETWEEN TAKE-UF AND FEEDING FOINT(m)= 144
VER DISTANCE BETWEEN TAEE-UF AND FEEDING FOINT (m)=—1d

FEFHEFNEXXEHXTHORT CONVEYOR DETATLSERXERXRU¥FENXXE

FULLEY DIAMETER {m)
BELT THICKNEESE (m)

NON DRIVING FULLEY SHAFT DIAMETER (m)

FULLEY MASS (kg)

SKIRT LENTBH (m)

SEIRT WIDTH (m)

ACDITICNAL RESISTANCE (kM)
TARE-UF TENSION (kN)

EELT TENBION (kN/m)

FOWER (ki)

ERAZEREREREXR® MOTOR TNFORMATION %% 58558555 5%

MOTOR SIZE (kW)
AMPERES (38# VOLTS)
MOTOR QUANTITY
BEAREBOX EFFECTIVITY

#uku%d DIFFERENT BELT TENSIONS %#%x%x

LAY-@UT 9= SHORT CONMVEYOR (-6 m)

WRAF ANBLE {(degrees)
FULLEY FRICTION FACTOR
RETURMN SIDE TENSION (kN/m)
MAXIMUM TEMSION (kN/m)

i un

HR®H W N9 0 % il

[ B

65
L1
. 125
4

=

« 8

J
39.89781
81.45436
285, 264

220
37R. 14E5

!
97

214
2D

32.598151
B1.454356



SURTEES AND SO (PTY) LTD

CONVEYOR START UP PROGRAX & FALK HOLDBACK BELECTION PROCEDURE

CONVEYOR PARAMETERS DATE:- #3/84/91
CLIENT:- SESEESIRFITRSR=SS=s CONVEYOR NO:~  1.08
BELTCON
NUMBER OF DRIVES: 1
NUNBER OF DRIVE PULLEYS:- . 1
LENETH (L) i M.
HEIEHT FRON YAIL TO HERD PULLEY 39.88 a
FULL BELT SPEED (VF) 3.56 a/sec
MATERIAL MASS IN TONS PER HOUR 1290.88 ton/h
BELY NASS (¥g’) 17,08 ky/n
TROUSHING IDLER MASS IN Xg. (ENTER 8 IF UNKNDWN) 25.80 kg
TROUSHING IDLER SPACING 25
CALCULATED TROUGHING IDLER MRSS per.. METRE. 11,11 ko/n
RETURN IDLER MASS IN Kg. (ENTER 8 IF UNKNOWE:, 3180 kg
RETURK TDLER SPACINE 4,50 »
CALCULAED RETURN IDLER MASS per. METRE. 15.07 kg/n
EST, TOTAL BRIVE/G MASSES ON BELT LINE(] IF UNKNONN) _ 2099 ky
EST. TOTAL PULLEY MASSES ON BELT LINE(® IF UNKNOWN) __  JB88 kg

SELECT TYPE OF FLUID COUPLING:~TRACTION °T* USE 1808 START FACTOR.
DELAY "TV* USE 1562 START FACTOR.

DOUBLE DELAY "TVy* USE 148% START FACTOR.

TURBD SOFT BTART *T85" USE 138% START FACTOR.

ACCELERATION CONTROL “TPE™ USE 128% BTART FACTOR.

l PABE 2
!

{SECECTED TENSIONS:-

JEFFECTIVE TENSION [TE(624) 46711 N
JTENSION 12 {72 T0 IS0) T2=Te/le*Ss-1) 16518 N
ITENSION T2=T2eSTART FACTORweff. 2318
JTENSION T2,Pinsteff/Valsk, J2566 N
ITENSION 72,123 SA5 AT TAIL)Ts-, 15LKb+Nbgh:- 23N
ISELECTED TENSEON T2,MAX ADBOVE 2866 N
ITENSEON {TL) STEADY OPERARTION 27T N
ITENSION {T2) STARTING:- 191429 N
ITENSION BETWEEN PRIMARY % SECONDARY DRIVES:- L]
{TENSION AT TAIL:- 2N

ILINIYATION DUE TO BELT 5AE (NAX 21 SAG.}:-

IMININUX TENSILE FORCE NOT EXCEED T2 (O CARRYINS SIDEN:~ 21772 N
{SELECTED BELTING TYPE:- FABRIC
ISELECTED WINIMUM BELT TENSION (STEADY OPERATION 451,54 KN/e
447.78 KN/n

{SELECTED BELT CLASS: S48 Class
{DYNAMICS TEST FOR IDEAL STARTING L STOPPING:-

ININ, TORRUE RAMP UP DR STOPPING TINE (AT T.REL*18):- 1.3# Ser.
{TORDUE RAMF PLUS STRRTINE TINE FROK EREAXAWAY, LDADED:-  28.86 Sec.
IMINIMUN TINE DELAY BETMEEN DRIVES,(CONSULT SURTEES):- §.65 Sec.

{SELECTED EQUIPHEWT SCHEDULE:-
tHIBH SPEED FLUID COUPLING SELECTER:- .
YSELECTED VOITH H.5.FLUID COUP, SIIE.(ON INSTALLED POWER) 82

SELECTED STARTING FACTOR (%) 13# 3 ISELECTED VDITH FLUID COUPLING TYPE:- 155

DRIVE PULLEY DIA (D1} &5F as  IVOITH COUPLING KASS OX SEARBOI SHAFTINITH MAX OIL FILL): 147.H Kg
HEAD PULLEY D14 (D2) e | :
PRINARY OR HEAD DRIVE PULLEY ANGLE OF WRAP (8} 21§ {DEB) !FALX HOLDBACK IF NECESGARY:- REQUIRED
SECONZARY DRIVE ANGLE OF WRAP (ENTER § IF ONE DRIVE)___ # (DEB) {POSITEON OF FALK HOLDEACK:- 1 OF ON DRIVE
HEAD PULLEY ANGLE OF WRAP (§) 219 (DEB):

PILLEY FACE 130F s¢  }LOK SPEED COUPLING SELECTEON:-

PULLEY BEARING CENTRES 1686 an {1, MAINA DOUBLE ENGAGEMENT BEAR COUPLING FOR FDOT MOUNTED SEARBOXES:-
FRICTION FACTOR (U} (DLD=8.35,NEW=E,4} #.25 {512 SELECTED ON ABSORBED TORQUE:~ 6D-44

BELT WIDTH 1260 an  {CATALOBUE TORQUE RATING:- 12988 ¥a.
TYPE DF BELT USED (STEELCORZ=1,FABRIC=2 & COTTON=3t ____ 2 {PEAK TDRBUE RATING:- 32258 Na.
HEIGHT FAON MEAD TO DRIVE PULLEY_(# IF DRIVE AT HEADI__  #.08 »  INAXIMUM BORE CAPACTTY:- 12 "
WORIZONTAL LENBTH FROM HEAD T0 DRIVE(S IF DRIVE ATHEAD} #a  iSIZE SELECTED ON BRIVE PULLEY SHAFT DIA.:- G0-44
HORTIONTAL LENGTH BEFORE RISE_(ENTER # IF INCLINEY __ 85 o {CATALOBUE TORAUE RATING:- 12998 Na,
ENTER INSTALLED WOTOR PDRER PER DRIVE. 249 Kw, IPEAK TORGUE RATINE:- 32258 Ne.
" START UP TINE REQUIRED 28,28 sec. IMAXIMUN BORE CAPACITY:- 12 ]

CONVEYOR CALCULATIONS !
zzzzzzszsssccresrvEn 12, SURLDCK TYPE 3F RIGID FLANBE COUPLINGS FOR SHAFT MOUNTED GEARBOXES:

SELECTED LENETH CO-EFFICIENT 1,608 1§1ZE SELECTED DK ABSERBED TOREUE:- BAE 4BB/115
SELECTED § VALUE 5. 5208 iCATALGBUE TORGUE RATING:- 35208 Na.
DRIVE PULLEY R.P.NM. 52,14 p,p.miEAXIMUM BORE CAPACITY:- 115 m
CALCULATED PENER {RBSORBEDY @ FULL LOAD:- ISIZE SELECTED ON DRIVE PULLEY GHAFT DiA.:- BAS 4IR/115
FULL LOAD ABSORBED PONER REQUIRED AT MOTER/S. 255,78 Kw  ICATALDGUE TORCGUE RATING:- 35206 Na.
FULL LDAD ABSDRBED POWER PER DRIVE. 127,89 Kw  {NAXIMUM BORE CAPACITY:- 1S n
FULL L.GAD ESTIMATER STARTING TINE FROM BREAKAWAY. 27.58 Sec

CALCULATED ENPTY BELT:- {BRAKE SELECTION:-

ENPTY BELY ABSDREED POWER REQUIRED AT MDTOR/S Pa 48.32 Kn  HIGH SPEED DRUM BRAKE:- .

EMPTY ESTIMATED STARTING TINE FROM BREAKAWAY (L) 10,85 Sec !1, SELECTED ON ENTERED BRAKE TORGUE ABOVE PER DRIVE:-  NO BRAKE
CALCULATED STOPPING TIME & DISTANCE:- iDRUM DIAMETER:~ NO BRAKE am
ESTINATED COASTING TINE FOR LORDED BELT:- 8,83 Sec. !RATED TORQUE:- NE BRAKE M.
ESTINATED CDASTING DISTANCE FOR LOABED BELT:- 1984 o 12, SELECTED ON ABSCRBED WOTOR TORQUE PER DRIVE:- NG BRAKE
H.5.BRAKING TORQUE WEEDED (0 1F ND BRAKE):- # No. (DRUM DEAMETER:- NG BRAKE am
L.S.TAIL BRAKE TORDUE NEEDED FOR STOPPING TIME:- # Be. IRATED TORQUE:- ' NO BRAKE Hw.



}
PAEE 3 } PAGE 4

HOLDBACK SELECTION STEPS :- IBTEP S:~ NININUN PULLEY SHAFT DIAMETER:-
STEP 1;- SELECT HOLDBACK ON TOTAL SYSTEM ABS, PIMER + START FACTOR, IWATERIAL(ENTER 1 FOR EW3,2 & END,3 & ENO & 4 8 EXI9)___ 2
WHEK THE HOLDBACK IS FITTED T0 HEAD PLALEY:~ IMRYIMUM WORKING SHEAR STRESS FOR FATISUE § Pa.
CALCULATED. . ,Tasaff+34Nn. drives. 32,42 ¥Na  IMAXINUM WORKING CONBINED STRESS AT BEARING 18¥ MPa.
' {HRXINUN WORKING SHEAR STRESS STATIC CONDITIONS 12 NAa.
BTEP 2:~ SELECT HOLDBACK ON TOTAL SYSTEM INSTALLED TORAUE, !
WHEN THE HDLDBACK IS FITTED 7D HERD PULLEY:- H '
CALCULATED. . , Ti#ef faNo. drives. 4,64 KNe ICALCULATED BEARING CENTER TO HUB DISTAMCE (a) 258 m
{PULLEY HUE SPACING ..FACE - 16§ 1300 ;s
STEP 3¢~ SELECTED ON RUNEACK TOROLE :- INAXTHUM ALLOWABLE DEFLECTION eg.1/258(RINGFEDER 7912) _ 169
EALLULATED. . ,agh - IDLER RESISTANCE FORCE ON INCLINE:- 2.91 FNu  INORWAL RUNMING TOTAL SYSTEM TORBUE. (PULLEY PONER):- 28,54 K
’ {RUNNING TORQUE ON EACH DRIVE PULLEY SHAFT.:- 12,47 Kin
ETEP 4:- SELECTION DN MAY. TRANSNITTABLE TORGUE DUE TD PULLEY WRAP :~iNAX. BENDING MOMENT ON DRIVE PULLEY SHAFT.:- 12,22 Kia
WHEN HOLDBACK IS FITTEDR 7D HEAD PULLEY:- iWAR. BERDING MOMEXT ON HEAD PULLEY SHAFT.:- 25,32 ke
TENSION T2.,,SELECTED T2 + BELT MABS HEAD TO DRIVE {sgh 32,7! XN !NETT TENSION ON DRIVE PULLEY. (P2=T1+12) 5~ 98 KN
CALTULATED. ., T2(0"5s-1) 1~ 20.59 KNa INETT TENSION ON HEAD PULLEY, {P2=TH+T1) &~ 163 KK
WHEN HOLDBACK 15 FITTED T SINGLE DRIVE PULLEY:- !
CALCULATED. ., T2(e"Jo-1}:- 3.4 KNe 1CALCULATE DRIVE PULLEY SHAFT(IF DRIVE AT HEAD USE THESE DIA‘S.):-
WHEN HOLDZACK IS FITTED TO PREMARY & SECONDARY DRIVE PULLEY:- 1CALC. DRIVE SHAFT DIA. BASED ON TORSION:- fim
CALCULATED DR PRINARY..., Ti2(e*ud-1)s~ #.60 KNo (CALC. BEARING SHAFT DIA. CONEINED TGRSIDM.{Tels- 2Tm
CALCULATED ON SECONDARY...,T2le*ul-1}:- #.68 Ka iCALE. BEARING SHAFT DIA. COMBINED BENDING iMe):- 27 m
{CALC. HUB SHAFT DIA. BREED ON DEFLECTIEN (3 min.):- 156 m
CALCULATED USING ESCOM SPEC, {MWG 1556} s- ’ 12,51 XNa ICALC .HUB SHAFT DIA. DEFLECTION (ESCOM 1:25¢8):- 1560 m
CALCULATER USING ANELD AMERICAN SPEC. {T22KeDd/2888):- 43,88 XWe ISELECTED HUB SHAFT DIA. (STD. RINBFEDER BIlf)s==sasszs=z= 11 m
{BELECTED BEARING EHAFT DIA. 145
HOLDBACK SELECTION O TORAUE USINE ONLY ONE, 18:- {SELECT MINIMUK DRIVE OR HOLDBACK SHAFT DIA,==s==szszzesz 16§ an

'SELECTION 3 ABSORBED L,5.TORGUE # etf. CATALDGUE TORDUE 24,54 KMa |
CHECK WAXIMUM SYSTEM TOROUE, STEP § & 2 (PEAK TORRUEI==  32.42 KNa !CALCULATE HEAD PULLEY SHAFT:-

JCALC. HOLDBACK SHAFF DIA. BASED ON TORSION ;- 12 ;a
FINAL FALX HOLDBACK SELECTION, USE BIZE:- 1893 NRY ICALC. BERARING SHAFT DIA, COMBINER TORSION. (Teli= 139 2
CHECK FALX HOLDBACK °*CATALUBUE TORDUE® RATING, NHICK IS 37,948 KNa ICALC. BEARING SHAFT DIA. COMBINED BENBING {Me):- 13 m
LHECK FALK HOLDBACK "PEAK TORQUE® RATINE, WHICH IS:- 94,952 KNs ICALC. HEAD SHAFT DIA. BASED ON DEFLECTICN (5 win.)i- 188 m
CHECK FALK HOLDBACK MAXIMUM BORE CAPACITY:- 145 an  {CALC.HEAD SHAFT DIR, DEFLECTION (ESCON 1:2500):- 1Bl m
{SELECTED HUB SHAFT DIA. (STD. RINGFEDER SI2E)s===s==z===s 192 ma
HOLDBACK SELECTICN ON TORQUE FOR PRINARY & SECONDARY DRIVES:- 1SELECTED BEARING SHEFT DIA, UL
=szeresis 125 sa
FINAL FALK HOLDBACK SELECTION, USE TOW OFF SIZE:- 1065 NRY !NINIMUN HOLEBACK SHAFY DIA. BASED ON PURE STATIC SHEAR STRESS
CHECK FALX HOLDBACK "CATALDGUE TORGUE® RATINE, WRICH IS 2.9 KNe ! . @ Ta.total4fzez= i
CHECK FALK HOLDBACK “PEAX TORDUE® RATINE, WHICH 1Sz~ 32,544 KNs [HOLDBACK SELECTION DN MAX. BORE IS:~
CHECK FALK HOLDBACK MAXINUM BORE CAPACITY:- 1m |
: {BELECTED HOLDBACK TO FIT ON HEAD PULLEY, SHAFT DIA,=srse 1B
iFINAL FALK MOLDBACK SELECTION, USE SIZE:- 1885 NRT
YCHECK FALK HOLDBACK *CATALOBUE TORGUE® RATING ISi- 21,695 Khs .
ICHECK FALX HOLDBACK "PEAK TORDUE® RATING, WHIEH IS:- 32,58 Kha
{CHECK FALK HOLDBACX NAXIMUN BORE CAPACITY:- 13 o
{BELECTED ROLDBACK 10 FIT ON DRIVE PULLEY, SHAFT DIA,==== 117 m
FIMAL FALK HOLDBACK SELECTION, USE SHIE:- 1875 NRT
{CHECK FRLK HDLDBACK *CATALOGUE TORDUE® RATING IS:~ 13.568 KNz

{CHECK FALX HOLDBACK 'PEBX TORDUE™ RATING, WHICH i3:- 26,348 ¥Na
PCHECK FALK HOLDBACK NAXINUM BORE CAPACITY:- 185
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A .
BELTCON 6 WORKSHOP
SESSION 3
THE NUTS AND BOLTS OF THE DESIGN
1. INTRODUCTION

We have seen that the sizing of the belt is dependent on various
factors, and have seen how to apply those factors to aid us in
the selection of belt sizes. We moved on to finding the power of
the conveyor system, as well as how to establish the tension at
the drive pulley. The question often asked by the ordinary
conveyor designer is; "I can see how that is done, but how do I
apply it to my design; what can I do with all this information?"

It is true that many conveyor designers (and potential conveyor
designers) are discouraged by long, complicated, heavily
mathematical dissertations on aspects of conveyor design. These
masterpieces, while very necessary in the field of understanding
the conveyor, often result in the ordinary designer feeling very
inadequate. However, the detailed analyses are often an
essential path to the validation, and even compilation, of the
"simple" methods.

What I will try to do today, is to show simply, how we can apply
some of the concepts we have seen and heard to the design of our
conveyors. |

Aspects of conveyor design that we will consider are
(1) Conveyor idlers - Selecting the idler pitch.

{2) Vertical curves The basic design criteria for establishing
and laying out the optimum curve.

{3) Holdbacks - A look at the various means avaiable for
the selection of the holdback.

{(4) Belt flap ~ What it is and a simple method to avoid
ito :

2. IDLERS

Probably the most heartache for the operating personnel is
caused by the idlers on a conveyor. Or rather, the incorrect
selection of idlers themselves, as well as the pitching of the
idlers on both the carrying and return strands. We have all seen
idlers that are jammed solid, with the belt scouring across the
top of it. We have also seen many "daylight" idlers, those with
sections of the shell worn away, merrily rotating, singing as
they go, flashing daylight through them as they rotate, chewing
great chunks out ¢of the conveyor cover. Alternatively, we have
seen idlers with the bearing housing collapsed, and the shell
rotating around what is left of the shaft. Many of us will have
seen idlers with one end in the bracket, and the other end lying
in the spillage around it.

All this sounds very negative, but these incidents must be seen
as lessons for the designers, constructors and operators of
conveyorsg. We must learn from what we see on site, not simply



blame "those useless operators”, or "those high-and-mighty
design engineers”, depending on which side of the fence you
happen to find yourself. At the Anglo American Corporation, we
find ourselves on both sides of the fence, since we are not only
designers of the systems operating, we are also part of the team
that operates the systems.

Let us look at a typical example of the selection of the idler
pitch, both for the carrying and return strands. We will look at
the determination of the load carried by the rolls, as well as
the pitfalls that we can identify, and ways to avoid them. We
will look at the determination of a dynamic load factor, how to
apply it and we will look at those idlers that have special
loads, and how to determine those loads.

2.1 Determination of the Load Carried by the Idler.

This is both an easy and complicated task, depending on your
situation, or on the accuracy that you wish to achieve.

The load carried by the most heavily loaded roll in an idler set
is given by the following

Wa = g [{B + (n-z-flufz)}/n]'lo_a ka’m --.......-(2.1)

The symbols have the following meaning :

Actual load carried by the most heavily loaded roll. kN/m
Gravitation constant 9,81 m/s2.

Mass of the belting. kg/m

Number of rolls in the idler set.

Material load. kg/m

Dynamic locad factor.

Burden factor.

m

L | O | O [ TR

Frth N D g 5

]

The material load may be found from the well-known formula:

Cdc

kg/m Ill‘lll....ll...llll.llllll.l..l.!ll(zoz)
3,68

Where : Cdco
s

Design capacity t/h
Belt speed m/s

Determination of the Dynamic Load Factor

f_'|_= [{(Ca)'sz} +1} ll...ll.....lll.'.!lll..!.ll!'.l.(2'3)

The lump size factor Ca is dependent on the idler form and
the material lump size, and is therefore somewhat
empirical., The factor is shown in table 1.



TABLE 1 LUMP SIZE FACTOR Ca
LUMP SIZE IDLER FORM
RANGE (mm) FIXED GARLAND
-5 +0 0 0
-25 +5; 0,005 0
-100 +0 0,009 0,005
~100 +50 0,014 0,009
+100 0,050 0,020

Determination of the Burden Factor and Gauge Length

TABLE 2 BURDEN FACTOR & GAUGE LENGTH

IDLER TYPE fa GAUGE LENGTH (mm)
3-ROLL 0,66 0,350W + 40
5~ROLL 0,47 0,213W + 25
2-ROLL VEE 0,60 0,544W - 5
FLAT 1,10 1,017w + 87,14

PICKING (*) 1,00 1,017(w -300) + 87,14

* The picking idler has the form as proposed by AAC as a

dimensional standard. See paragraph 2.8 and Figure 8.

The gauge lengths shown are for idler rolls conforming to
the boundary dimensions as given in SABS 1313.

The factor for 2-roll vee idlers is to cater for the
additional load on the inboard bearings, while the value
for flat idlers caters for an amount of belt wander.

The variable W in table 2 indicates the belt width.

We must not be misled by this burden factor. The value given

above shows the burden factor for a belt lcaded to 100% of its
capacity. Note also that 100% capacity 1s based on the area of
cross-section for the belt with the load edge on the freeboard
line as shown in figure 1 below.



FIGURE 1
BELT LOAD PROFILE

If the belt has a load less than 100%, the load on the centre
roll (usually the most heavily loaded) will rise, to a value
where the percentage of the burden carried on the centre roll
reaches 100%. This is true for 3-roll and 5-roll idlers only, of
course. The 2-roll vee form idler will always have a burden
factor of 0,60; and the flat forms will have the factor 1,1 for
reasons given above,

The burden factor variation is shown on the graph , figure 2,
below and is indicative of idlers conforming to SABS 1313 as
noted above.

2.2 Maximum Idler Pitch

The idler pitch is influenced by the factors given above and by
the specification of the idler bearing life, as well as the
allowable slope of deflection of the shaft through the bearing.

Pitch limited by Bearing Life

Much has been written on the subject of the idler life limited
by the bearing performance. Major bearing manufacturers have
long used the Lion life calculation, which is a prediction of
the bearing endurance limit. Recently, SKF introduced the new
life formula which caters for wear and environmental factors,
rather than a straight bearing endurance limit. This system has
its own limitations, however, since not all the factors for the
bearings used in idlers nowadays are covered.



% of load on centre roll

LOADING ON THE CENTRE ROLL

1050 WIDE BELT ; 10° SURCHARGE ; 3 ROLL

100 83 87 53 39 27 18

% Load on conveyor

The values on the X axis are a direct import from a
computer listing and are indicative only

FIGURE 2

GRAPH SHOWING THE RELATIONSHIP BETWEEN BELT LOAD AND
CENTRE ROLL LOADING - 3-ROLL IDLERS




Allowable Load

The allowable load to satisfy the specificatioﬁ of the life of
the idler roll bearings can be summarised as, follows

- ql/p
m-(Di)-C®
W]-_, "'2' —_—— .Ill..lllllIl..lll.ll..l.ll(2.4)_

3!6'H'S

Here, Wy = Allowable load kN
Di = Idler roll diameter. Tarn
C = Bearing load rating (from supplier's tables) kN.
p = 3 for ball bearings.
= (10/3) for roller bearings.
H = Specified life in hours.

A common value used today is 75 000 hours.

How Long is a Year 7

If we assume a year of 340 days with a double 8-hour shift per
day, a utilisation of 85% and an availability factor of 80%, we
can expect the conveyor to work for 3700 hours per year. Using
the value of 75 000 hours, we can then expect to replace our
idlers in (0,9-75000)/3700 = 18 years!

We know that this kind of life is simply not achieved, because
of environmental conditions, bearing seal design, high pressure
hosing down as macro-cleaning, overloading, spillage and so on.
A more realistic value would be to quote a life expectancy of
around 35 000 to 40 000 hours, to cater for the bearing
endurance limit, and to make allowances for the factors
enumerated above. For conveyors running at speeds greater than

5 m/s, the life endurance limit specification could be increased
to 50 000 hours.

Increasing Production in the Future

We must be aware of the intention to increase production in the
future, usually by increasing the belt speed. If the factors are
not properly considered at the design stage, we could end up
with a large pile of junked idler rolls. Communication with the
user is imperative here.

Idler Pitch Based on Endurance Limit

Wy
The id].er Pitch is then given by P = — m ocoocn-o-(2-5)
Wa

Some extracts of bearing data are shown in Table 3.



TABLE 3

BEARING DATA

BEARING TYPE

c (kN § (rad)

Ser 20 Ser 25 Ser 30 All series

Seize resistant cage| 10,400 12,700 22,800. | 0,00407

Deep groove ball 9,360 14,000 19,500 0,00174
Spherical roller 30,500 35,700 48,900 | 0,02617
Taper roller 22,900 25,500 33,600 0,00058

The wvalue

¢ indicates the allowable slope of deflection of the

idler shaft through the bearing. The idler series is as defined
in SABS 1313.

Pitch Limited by the Slope of Deflection

Bere we make use of standard beam theory and well known, tried

and tested
The slope
and having
by

Where

ilﬂt"ID:J
1T

—
i n

Thus

strength of materials theory.
of deflection of a beam simply supported at the ends
two equal loads equispaced along its length is given

Ru-A+{L-2A)
- radians --.ttl-o.co-l-l..l.ll(2'6)
4-E-T

Total load on the beam kN

Length between supports mm

Distance from the support to the load at each end. mm
This is the distance from the bearing centre to the
edge of the idler broached flat.

210 000 N/mm?

[((7/4)-d*1 mm* {d = idler shaft diameter mm)
4-E-I-6

Wd: _ kN o.t----o---o..nooatoo--(‘?-?)
A(L-2A) :

Here Wy = allowable load to limit the deflection,

Values for

the distance from the support to the load have been

collected and averaged for a number of major idler suppliers.
The average value for A is then 45 mm. Of course, if your
project has a specified idler supplier, this value can be
obtained from them.



Allowance for Manufacturing Tolerances

All mechanical items must lie within certain tolerances. In
order to allow the idler manufacturer some leeway, we allow an
assembly tolerance of 2,0 millirad (0,002 radians}. Puttlng all
this together, we come up with the following expression

4-210000-m(6-0,002)-4%
Wd = kN
64-45(L - 90)-1000

H

41,233(6~0,002)-4%

kN
45(L~-90)
Rounding off the decimals, we get
- (§-0,002)-3%
Wd=0;92 ) kN onoooooo(Z-B)
(L-90)
Idler Pitch Based on Limiting deflection
Wa
The idler pitch is then given by P = — m T A
Wa

2.3 Pitching Idlers in Convex Curves

There are numercus examples of conveyors which operate
beautifully everywhere, except at the convex vertical curve.
Here the operating personnel report rapid and repeated idler
failure,on both the carrying and return stands, with spillage
the order of the day. The most common cause of failure of idlers
in these situations is the increase in idler loading as a result
of the forced vertical misalignment of the idler with respect to
the belt line, forcing the belt into the convex curve.

The additional load on the centre roll of a three or five roll
set is given by the expression

Ts

We = kN/m ..--......-.-................(2.10)
R .
Here T. = Belt tension (kN) at the curve in gquestion
R = Radius of the curve m

Then the ‘actual loading on the roll is given by

Wx= (wa+wc) kN/m ol-l-----..lluol.olll..llnlll(anl)



The idler pitch is then given by

Wz,
P=""'— m (lifE) 0-.---..-(2-12)
W,
Wa
or by P = — m (deflection) .,......(2.13)
Wi

Choosing the Correct Pitch

In every case, the lesser dimension is considered to be the
maximum value for the idler pitch.

2.4 Return Idlers

In the case of return idlers, the idler pitch can be established
by using the same procedure as noted aAbove. Of course, in this
case the material load and the burden factor is generally zero
(unless we have a double-deck system).

WARNING

A word of warning. There are some idler manufacturers who claim
extended idler pitch capability, based on the design of their
idler, its load capabilities, their seal design, or some other
magical arrangement. While this sounds great and is probably
mathematically defensible, we must be aware that the pitch of
the idler will also establish the minimum tension in the
conveyor system. Overspecification of the idler pitch could
result in increased belt standing tensions, which in turn lead
to increased belt class and therefore cost. This is an excellent
example of the interaction of the component parts of a conveyor.
So be careful!

In Anglo American, we tend to specify carrying idler pitches of
1,0 m, 1,2 m, and 1,35 m, depending on the stringer length. We
like to pitch the idlers on the stringer such that the pitch is
halved at each end. As for return idlers, these are generally
pitched at three to four times, and very occasionally six times
the carrying idler pitch. See figure 3.

FIGURE 3
LOCATION OF IDLERS AT THE END OF THE STRINGER
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Limiting Sag

A useful rule of thumb is to limit the return idler sag to one
half of the idler roll diameter. This has the effect of reducing
the approach and depart angles of the belt onto the idler rolls.
This in turn minimises the effects of minor misalignments,
reduces return strand drag and generally improves the "look” of
your conveyor. It was fashionable at one time (and probably
still is in some places) to specify a return idler sag not
exceeding 3% of idler pitch. With the advent of more predictable
idler performance and subsequently longer return idler pitches,
the return belt starts to resemble a festoon!

2.5 Dynamic Behaviour

A further restriction on the return idler pitch is the dynamic
behaviour of the belt, but more about that in section 5.

2.6 Dimensional Standards

South Africa was probably the first country to establish and
operate a national standard for the dimensions of belt conveyor
idlers and rolls. This toock the form of SABS 1313, currently
under review, and took about 2 years to motivate. There have
been some omissions though, probably for very good reason, and
also possibly because the idler forms onmitted were simply not
considered at the time. These omissions make a conveyor
designers life difficult, since the specification of garland,
fixed form suspended and picking idlers can lead to some
interesting scenarios.

2.7 Garland Idlers

We have had the experience where the installation of an inclined
underground conveyor with a lift of +100 m went without a hitch.
Then someone discovered that the idlers (5-roll garlands) were
ordered from two different suppliers. However, the installation
complete, and the belt being pulled in, it was discovered that
the centre roll of maker A's idler was 200 mm lower than that of
maker B's idler. The idler support structure was designed around
one of the manufacturer's idlers and the other simply did not
fit. As an aside, to solve the problem, we removed the centre
roll of the "lower" set, to form a 4 - roll garland, which
brought the belt lines to more-or-less coincidence. Not an
entirely satisfactory situation, but a relatively elegant
solution to a sticky problem.

Anglo American has issued a specification for garland idlers,
{(Figures 6 and 7) which specifies the boundary dimensions for
the rolls and the idler set form. This was done to prevent a
repetition of the scenario outlined above. Possibly a national
dimensional standard could arise from this.

2.8 Picking Idlers

The same sort of confusion is prevalent with regard to picking
idlers, with all sorts of dimensions and different profiles
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appearing. We are proposing a single dimensional standard, with
individual performance standards stipulated by the project
designers and consultants. (Figure B8)

2.9 Fixed Form Suspended Idlers

Anglo American has not specified a great deal of this type of
idler. However, it is plain, from the various suppliers, that
there is a need for some sort of dimensional standard. This will
no doubt be addressed by the SABS or the CMA at some stage in
the future.

3. VERTICAL CURVES - CONCAVE AND CONVEX

The subject of vertical curves has long been a source of
irritation to cperating personnel. In the case of concave
curves, we often find the belt rising out of the idler bed,
being totally unsupported for long lengths, with the attendant
splllage and belt training problems. We see whole structures
designed with the lift-out in mind, and various measures
designed into the system to limit the lift-out of the conveyaor.

Trippers

One of the worst offenders in the field of belt lift is the
travelling tripper. We are all familiar with this machine.
Usually designed with about 3,0m to 4,0m lift {(sometimes
considerably more), with the approach stringers at an optimistic
12°, or even a blistering 15°!. Now, let us consider a (fairly
large} tripper with the 1ift of 4,0 m and a stringer approach
angle of 12°. This gives us a length (on the slope) of

L 4/sin(12°)
19,239 m

it n

Now, if we say that the tangent point of the curve is at the
head pulley, (the most likely place for the upper tangent point
to be, on a tripper) then the maximum radius that the curve can
take will be given by

R L/tan(12/2)
183 m ..... not a very large value.

nn

I1f we consider that the tripper is usually at the head of the
conveyor, where the tensions are likely to be the greatest, then
the curve determined above starts to look less and less
attractive. Furthermore, the belt is tangent to the 12° line at
the head pulley. This implies that the belt leaves the stringer
immediately behind the head pulley, and that the belt is
essentially unsupported from that point. With the higher
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tensions to be expected at the head end of the conveyor and,
with the belt unsupported, we can expect to see the belt
actually invert, under certain conditions, which creates a
wonderful load-shedding area.

From this, we can see that the design of items such as
travelling trippers needs much more careful consideration than
has been the general practice up to now. I personally do not
like trippers, and will always try to design some other form of
materials handling system to avoid the installation of one.
Systems such as back-to-back shuttles, shuttle chutes and so on
are far preferable than the plain tripper, in most cases. The
additional capital that the alternative systems may require is
easily offset against the additional and continued attention
that the travelling tripper requires.

3.1 Determining the Belt Radius - Concave

We normally analyse the curve for eleven conditions as shown in
table 4 below.

TABLE 4 CONDITIONS OF CURVE ANALYSIS
CONDITION DESCRIPTION
1 Loaded to lower tangent point - starting
2 Loaded to lower tangent point - running
3 Loaded to lower tangent point - stopped
4 Fully loaded at design capacity ~ starting
5 Fully loaded at design capacity - running
6 Fully loaded at design capacity - stopped
7 Empty belt - starting
8 | Empty belt - running
9 : Empty belt - stopped
10 Limiting centre tensions
11 Ensuring positive edge tension

For conditions 1 to 9, the radius of the curve may be found from
the general formula

T,-102-f_-f, -f. . -f.
R= m l.l...l.l...lllll<3ll)
g-B
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The symbols are defined as follows

e
noH

lvs)
nou

sz

Radius of the curve m

Tension at the lower tangent point for the specified
condition of analysis. kN

Belt mass kg/m

Gravity constant = 9,81 m/s?

Starting factor

This is dependent on the type of starting contrel on
the conveyor system.

(1) For fluid couplings, the value of the factor
lies between 1,8 and 1,2 depending on the type of
coupling. The turbo type of coupling has a value
generally around 1,3 to 1,25. The ordinary fluid
traction coupling can have values as high as 1,8,
depending on the degree of fill. An overfilled
coupling will give higher values, while a coupling
with too little oil will give very low values - but
your conveyor won't start, either! For differential
flow and scoop control type couplings, the value can
be as low as 1,2,

{(ii) For electronic soft starts, the value is
usually accepted as between 1,3 and 1,4 but lower
values have been successful.

(1ii) For direct-on-line type couplings the value
will be not less than 2,5. Direct-on-line couplings
are not preferred where the belt has a concave
vertical curve, for this very reason. The radius
calculated will be much larger than would otherwise be
required, because of the high starting factor.

Curve "bedding” factor. This is effectively a factor
of safety. It is simply a curve oversizing factor to
ensure that the belt will lie in the curve. We
normally assign the value of 1,1 to this factor, for
normal curves. If the tension in the system is subject
to unpredictable fluctuations, the factor can be as
high as 1,2. For belts with unsupported lengths, such
as the approach to a travelling tripper the factor
should never be greater than 1,0.

Mass loss factor. This is utilised to cater for the
loss of cover and therefore loss of belt mass due to
wear. The factor is usually taken as 1,1. Lower values
can be taken, if the belt is designed for a short
life, or if the curve is sized for geometric reasons.

This is a "slope" factor, and recognizes the catenary
function of the curve. It is really another "safety"
factor. the factor is derived from

f,.:l/COSZ(G) ..OIII....IIII.II..CII.(3l2)
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where a = curve subtended angle.

This all analyses the curve for the first 9 conditions
enunerated above.

Condition 10

Here we want to limit the tension at the centre of the belt to a
safe value. The radius to achieve this is given by

W+ (E*W-sin B)
R= m............I.....l.lll.l..(3l3)

fd'Tx'IOG

here W belt width (mm)

B Idler wing roll angle (°)
E Belt modulus (kN/m)
fa Belt factor

4,5 for fabric belts
12 for steel cord belts

Values for the belt modulus are obtainable from the belting
supplier.

Condition 11

Here we want to ensure that some tension remains in the outer
edges of the belt, to prevent it from flopping open and shedding
its load. I am sure we have all seen this occur, particularly on
some older plants. It is a devilishly difficult situation to
correct, without major alterations to the structure.

The radius to achieve the edge tension is given by
(E-W-sin B)

R: m l.l.l.!...'ll...‘l‘(3'4)
£o 1(0,1-Ty)=(T.-10/W)

belt class {(kN/m)

Belt factor

5000 for fabric belts
4500 for steel cord belts

here Ty
fa

1 1 0

These formulae all look very imposing and off-putting. However,
programming them into any computer makes their operation simple.

Choosing the Radius

- Finally, we choose a radius that is larger than the largest
value we determined. Bear in mind that the radius determined by
condition 1 is usually the largest. The location of the curve
with respect to the loading point and the degree of 1lift (if
any} will help you to decide if you want to ignore that value.
The condition (1) is a rare condition and may never occur in
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your system. If this is so, then you can ignore it completely.
On the other hand, if the tangent point is only about 5 m from
the loading point of your conveyor, then the possibility of this
condition arising becomes more likely.

3.2 Laying Qut the Curves in the Gantries or Stringers

We will all have seen that draughtsmen often seem to have great
difficulty in laying out the curves to fit into the gantries or
onto the stringers, in such a way that the gantries do indeed
line up at their set out points. We then find stringers with
steps, sudden changes in inclination, dams, weirs and so on -
altogether a totally unsatisfactory situation.

We have developed a system where we recognise the relationship
between the radius, the stringer length and the idler pitch and
packing, and apply this to lay out the curve. The adoption of
this system means that the conveyor designer will have to have
prior knowledge of the intended stringer length or gantry length
for the particular project. This is great, because it implies
that the conveyor designer will have to communicate with the
structural designer.

Applving a Simple Set of Rules

In order to simplify the layout and detail of gantry ends and
stringers on conveyors with concave vertical curves, we need to
apply the rules as outlined below. By the way, in the rules set
out below, the words stringer and gantry are synonymous

Rule 1 : How Many Stringers ?

There must be a whole number of stringers spanning the subtended
angle through which the belt curves. The terminal stringers are
placed parallel to the belt at the terminal inclinations. The
belt tangent point is located at one half of the stringer length
at each end .

For example, consider a belt at 7°, curving through 8° up to
15°, with 6m long stringers. The first stringer will be inclined
at 7°, with the tangent point located at a point 3m into the
stringer (the first half of the belt being parallel to the
stringer at 7°). The last stringer will be inclined at 15°, with
the tangent point located at a point 3m into the stringer (the
last half of the belt being parallel to the stringer at 15°)

See figure 4.
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FIGURE 4

LAYOUT OF GANTRIES IN THE CURVE

Rule 2 : Naming the Variables

Total included angle .ivss0sesaseccsencss 8°
Number of sStringers cieescessssesssssers N
Angle subtended by each full stringer ... a® = (8/n)°

Full stringer length .cccceaveescariasses L m

Rule 3 : Determining the Radius

The radius of the belt is then a function of the included angle
and the stringer length and is peculiar to that particular
combination.

Belt Radius R = [{L/2-tan(%-u)} - ] M seessasat3.5)
here the variable h is defined as the vertical height of the -

idler set from the top of the stringer to the belt line. For
idlers conforming to SABS 1313, the wvalue will be

h = 0,203 m for stringers with no deck plates.
h = 0,206 for stringers with a 3mm deck plate.
Rule 4 : ILocating the Stringers

The first half-stringer in the curve subtends an angle ({-a)°.
This stringer is at the same inclination as the approaching belt
line. The next full stringer will be inclined at a®, with the

Ry
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next at 2-a°, and so on, until the last half-stringer is at
slope 6°. The inclinations are all with respect to the belt line
at the start of the curve, of course.

3.3 Packs Under the Idlers

In order to allow the belt to more closely follow the curve
profile and to avoid the situation where we have a mini
lift-out, we need to pack the idlers on the stringers. These
packs must be arranged in such a way that the belt is presented
with a smooth idler bed. The pack height should not exceed 100mm
for practical reasons. Larger packs may be used, provided that
the stability of the idler set is not compromised.

The idler pitch is spaced along the line of the stringer in
order to simplify setting-out and fabrication. The idlers are
pitched symmetrically about the centre of the stringer bed, in
such a way that the distance from the stringer end set-out point
to the first idler on the bed is at one half of the standard
idler pitch, at each end of the stringer. In this way, the idler
pitch will remain reasonably constant and we won't have the
variations at the gantry ends that we so often see.

Information and Calculation

The angle subtended by one idler pitch ....... & °
The ld.ler pltch D T R E R R R R E T pm
The idler diameter +oeeeeesossnsesansssncesess dm

Then 6:2.Sin“1[P/{‘2.R) +d}] l‘....'lllll‘l;.l'..!(3.6)_

Location of the Packs -~ 0dd Number

At the centre of the stringer length, no pack is required. The
number of idlers on the stringer is given by N = L/p. We only
use integers, no fractions, since we cannot have an half idler.
If N is an odd number, there will be an idler at the stringer
centre and no pack is required there. The pack height (y.)
required at the following and subsequent idlers, working
outwards on the stringer length is given by

YJ_:R{l—COS(mG)} m ------o.--oa.ooa-n--(3-7)
here m is the idler number, counted from the mid span.

Location of the Packs - Even Number

If N is an even number, there will be no idler at mid span. The
packs required for the first idler (at { pitch) from mid span is
given by

ylzR{l-COS(%G)} m u--ouoo.---n.----030(3-8)

The subsequent idler packs are given by

Vi ece Y = Rl = cos(md + 2817 M euenrnvevenennn.(3.9)
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3.4 Belt Lift out of the Curve

Occasionally, we need to cater for the belt lifting out of the
curve, such as the design that ignores the radius given under
condition 1, or the approach belt to a tripper. There is also
the possibility (and it is not a rare one) of the space
available for the curve dictating the actual curve to be
installed. In these cases, the belt will lift out of the idler
bed and it is useful to be able to predict the amount by which
the belt well lift. It is also useful to be able to plot any
point on the lifted line, in order to design clearances,
chutework, and so on.

More Simple Rules

Below are some simple formulae that we can apply to the known
radius, in order to arrive at the results we need.

ritan¥]  r tan Q‘
R_jgrlﬂf

‘FIGURE 5
SKETCH OF THE BELT CURVE WITH THE LIFT RADIUS
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Referring to the figure 5 above, the amount of 1ift out,
neasured at the centre of the curve, normal to the curve, 1is
given by

(R - r){l - cos (a/2)}
HJ.: m ..i--l.-"oll.-o--nnoi(\g'lo)
cos (m/2)

A far more dangerous aspect of belt lift, and one that is most
likely to be overlooked, is the fact that the tangent point on
the belt moves back along the belt line, to satisfy the new
increased radius. This has the possibility of the belt lifting
into close chutework or other steelwork in the vicinity. If a
belt weighmeter is located near the curve, the calibration of
the unit becomes a near impossibility, because the belt rising
out of the curve will reduce the load seen by the weigher. The
amount that the tangent point moves back is given by

L. = (R - r)-tan (a/2) m R . B
The belt rise at any point along the line can be determined by

Hye = R*(1l - cos B) m tesesrarsaeraannsnsneseal(3,12)
Here, B = sin~*(L,/R)°, where L, is the distance to the point to
be considered. A common point to look at will be the difference

between the tangent line for the two radii, namely equation 23.

Armed with these three formulae, we can adegquately describe the
vertical curve under lifting conditions.

3.5 Idlers in Convex Curves

We could develop a general case for the idlers and stringers in
convex curves. The major difference is that, with a concave
curve, we start with the tangent point at mid span of the
stringer, packing to the outside, whereas, with the convex
curve, we start with the tangent point at the stringer end,
packing to the centre.

4. HOLDBACKS ON CONVEYORS

The holdback on the conveyor is probably the one unit which is
most likely to be neglected form a maintenance point of view. To
the uninitiated or untrained personnel, the holdback has
apparently no effect on the running of the conveyor. This is
largely true, in the forward condition, but the effects of the
holdback failing are usually devastating.
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Bad Experiences

We have had the experience where the low speed holdback, of the
roller ramp and oil lubricated type, was fitted to a conveyor.
The conveyor is about 400m long with a 1ift of around 70m. There
came a day when the holdback o0il seals failed, probably as a
result of overfilling and high pressure wash down. The unit was
filled with grease and there was no apparent effect on the
conveyor. About three months later, the conveyor was subject to
a full load power trip. Unfortunately, by that time, the grease
in the holdback had hardened to the extent where the rollers
were trapped off of the ramp. Hence no holdback, and about

8 tons of rock deposited over the tail pulley.

What do the Suppliers say ? The First Approach

Most holdback suppliers will tell you that the sizing of the
‘unit is dependent on the installed power of the system. They
then proceed to factor the power by 250%, to cater for
emergencies. While there is nothing inherently wrong with this
approach, there is the danger of significantly oversizing the
units, especially if rationalisation has taken place. The
oversizing then can lead to overpricing, which is not healthy at
all. :

When Do I Need to Install a Holdback ?

Traditionally, the requirement for a holdback on a conveyor was
given by ; "When the power required to lift the load is greater
than one half of the power required to move the load

horizontally, then a holdback is required". Translating this, we

can =say if

TL> 0,5(T="‘TL-Tn1’ I....lll...l..l.lll..'(4ll)

then a holdback is required.

Here T, = Lift tension kN
T. = Total Effective tension kN
Tao1 = Material acceleration tension at loading point. kN

Full Belt Requirement - The Second Approach

Using the statement above, we can determine what will be
probably the minimum requirement for the holdback.

The holdback rating will then be

' £(1,5°Ts) - 0,5(Ta + Tas)l-D,
Q.‘L = . ]{Nm ---(442)
2000

Here D)., = Pulley diameter m
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Getting Closer - The Thirdgd Approach

Another {and probably more realistic) approach would be to _
consider the tension generated at the holdback station with only
the inclined portion of the conveyor loaded, and the rest of the
conveyor empty. The empty portion is considered ag having a
reduced friction factor as well, in order to maximise the
holdback rating. Using this approach, the empty belt tension
(Tew) of the system is calculated using a friction factor
reduced to a suggested value of 0,016. The empty belt tension
then becones

Tebx:O,olﬁ.TEh/c kN 'lIl.llll.t!lll‘lll.....ll..lllIQ-(4.3)
where C is the friction factor utilised in the main design.
The holdback rating will then be

{(1,5-Tx) - 0,5(Tep. + Taz)i- Do

QZ = kNm ---(4-4)
2000

The Maximum Rating - The Fourth Approach

There have been reported incidents of conveyors "spragged” at
the tail, or at some loading point along the belt. This occurs
when an object (usually a loose liner plate, a jumper bar or
even an rogue lump ) becomes jammed between the belt an the
chutework or the conveyor supporting structure. The conveyor
power pack continues to pump power into the system, with the top
strand stationary. At some point, one or more of a few things
occurs,

Either (1) the belt breaks, or

(ii) the motor trips, or

(1ii) the belt comes to a halt, with the motor
still running, and the driving pulley
simply slipping in the belt, or

(iv) The fusible plug on the fluid coupling
blows.

If the first condition occurs, the belt is'going to run away
anyway, and the holdback will have little or no stopping effect
on the system, depending on the location of the break.

If any one of the other conditions occur, the belt will have a
tremendous amount of stored energy and the holdback will have to
be sized in such a way that it will neither slip nor explode.

The belt spragged condition can be expressed as an oversizing
factor, which is applied to the belt effective tension Te, in
order to establish the holdback rating. This oversizing factor
is directly dependent on the total angle of wrap in the drive,"
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as well as the standing or slack side tension T..

Since T» is applied externally, by means of the take-up mass, it
may be considered constant under steady-state conditions. Any
additional tension applied to the system is then limited to a
maximum value. This value is determined when the driving pulley,
or pulleys, are on the point of slip, or when the maximum
transmissible torque of the fluid coupling is reached (or it
blows it's fusible plug), or when the motor trips. The least of
these values is then used to determine the holdback rating.

4.1 Determination of the Oversizing Factor

Remember that TJ_=T2+T= l.‘l.llll.lllllll...ll.l...'(4.5)

that is, the "tight side" tension (T,) in the conveyor is the
sum of the effective tension (T.) and the standing tension (T.).

For overtensioning as a result of the spragged condition,
Tlx:T2+T&+Tx -naouonooccol.oolllonno-ln(4-6)
where T, is the additional tension applied to the system.

Since T./T, = ev®

(T + Ta + T,)/Ta = ewe
ie (T + T + Tx) = Ta-e¥
(Te + Tx) = Tz'eue - Tz

= Ty-(e»® - 1)

(Te + Tx)/Te

Then the oversizing factor f.

fo = iTg‘(e“a -1,}/T= t-c-¢(4l7}
Here W = Coefficient of friction, belt and driving pulley.
6 = Angle of wrap on the pulley, in radians.

Then the holdback maximum,rating beconmes
Qz = £f5,+-T.-D,/2000 kN

ile Qs = {Tp-(e»® - 1)}-Dp/2000 KN «eoevenvaesa(4.8)
Note that the“angle of wrap (8 radians) is taken as the total
actual angle of wrap in the drive. We do not assume a drive wrap
here, even though we may have used one in the main design, since
we want to ascertain the worst case.

The maximum value for fo = 2,5 cetetavecessannsasavenssasld.9)

The holdback rating so determined is usually the largest of the
values determined, excluding the first case - sizing on motor
power, which can be greater, especially for a single drive.
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Choosing a Holdback Unit

The holdback rating we have determined is referred to the pulley
shaft speed and is thus the low speed unit rating. Armed with
the information we have just determined, we will be in a
position to make more than a passing guess at the suitable
holdback. Most reputable manufacturers of holdbacks base their
catalogue ratings on a safety factor. This factor is usually
between 1,5 and 2,0. If the maximum rating of the holdback falls
below the catalogue rating, but is satisfied by the maximum
rating with a safety factor of 1,0 then the unit will probably
be suitable. Remember that the spragged condition is one that is
not likely to occur frequently, if it occurs at all.

(As an aside, if you are experiencing frequent sprags, then you
ought to be looking at the cause of those sprags, and at ways of
eliminating them. Each time a conveyor 1is spragged, the loads
imposed on the structure, on the belting and pulleys, in fact on
the whole system, are gquite large.) i

Where do I Put the Holdback ?

The holdback can be either a low speed or a high speed unit. The
low speed units are typically between 10 to 12 time more
expensive than the high speed units. This is often the
motivating factor behind the choice of high speed vnits in
preference to the low speed units.

The high speed units have a reduced torque, which is determined
by the reduction ratio of the reducer, at the point where the
unit is mounted. If it is mounted on the input shaft of the
reducer, as with worm boxes, then the rating is reduced by the
full reducer ratio. :

Helical and bevel helical reducers can have the unit mounted on
either the input shaft, or one of the intermediate shafts. The
units are mounted either completely internally, or on an
extension of one of the intermediate stage shafts, as a
semi-external unit. The holdback rating is then reduced by the
ratio up to that point, working back from the output shaft.

The low speed unit is usually mounted on the driving pulley
shaft, or on the secondary drive pulley shaft in the case of a
dual drive.

4.2 High Speed Versus Low Speed

The choice of high speed or low speed units depends on your
budget, or on the conveyor application which requires the
holdback. It is fair to say that the majority of catastrophic
mechanical failures on conveyors in this country occur in the
drive train. These failures usually occur when the conveyor is
fully loaded.

Now, if the conveyor is in a holdback situation, with the
problem being at the drive, it is very difficult to remove the
drive without some form of external sprag on the conveyor. The
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alternative is to manually lash the burden off the conveyor,
depending on its size. All this means that we will need sone
form of external holdback anyway.

Should the low speed coupling fail, then there will be no
holdback anyway, since the reducer will be effectively removed
from the system.

In the case of multiple drives, if each reducer is fitted with a
holdback, it must be sized to withstand the full torgque, unless
load sharing units are installed. This is so, since the reducers
are not likely to have the same amount of backlash. This in turn
implies that one of the units will engage before the others,
requiring that it be capable of withstanding the full torque.
This in turn implies that each reducer itself will be capable of
withstanding the full torque, without failing.

A point to bear in mind, is that the design lubricant for the
internally mounted holdback must be compatible with the reducers
lubricant. There have been reported cases of internal holdbacks
slipping because the reducer was filled with synthetic or EP
oil.

For these reasons, my personal preference is to use the low
speed units, They are not dependent on the drive for their
operation and can be installed in such a way that they may be
easily maintained. If necessary, load sharing can be achieved,
either by means of static hydraulic linking or by mechanical
linking.

Selecting the Holdback Pulley

The normal runback tension, which we can call T., is essentially
an effective tension in reverse. The slack side tension is
determined by Ts.

Then, in the runback condition, the "tight" side tension (T.n)
is given by:

Tlh::Th'!'Tz .l.llolll..!lIllI!.Il.llll.l...'(4l10)
and Tlh/Tg = eue
thus e = ln(le/Tz)"].BO/u'") ¢ B & 5 4 0 B E R & PR n.-.-(4ull)

This is the minimum wrap required, under normal conditions only,
to prevent the belt slipping back over the pulley fitted with
the holdback. This allows the designer to position the holdback
unit remote from the drive pulley, or to select the pulley to be
equipped with the holdback.

4.3 Controlled Release of the Holdback

Some years ago, the British National Coal Board, now called The
British Coal Corporation, reported at least two separate
incidents of conveyor sprag. The holdback units operated
efficiently in both cases, successfully holding the belt from
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reversal. When the sprags were being manually removed, that is,
the coal was being lashed off the belt at the tail end, the
situation was reached where the sprag was suddenly cleared. The
sudden release of all that stored energy resulted in the
workers, in both. reported incidents, being killed. A similar
incident was recently reported in the journal of the Association
of Mine Resident Engineers in this country. This time, the
sprag was reported as occurring on a gold mine. So we can see
that this sort of unfortunate thing is not the exclusive domain
of the coal mines.

The reported incidents in the U.K. led the National Coal Board
to specify controlled release on all new installations requiring
a holdback. The argument is that the stored tension in the
system is released in a controlled manner, allowing the sprag to
be cleared in safety.

There are at least two holdback manufacturers that supply units
that have a controlled release facility. Both systems operate in
essentially the same way. The unit is basically a high speed
holdback, fitted with an additional friction plate clutch
arrangement. The clutch is held by means of springs or Belville
washers on bolts. By releasing the pressure on the friction
medium, the holdback is allowed to slip backwards, until the
tension in the system is evened out.

The major disadvantage of the systems is that they are currently
only available as high speed units. This effectively excludes
the nmultiple drive situation, as described above. Secondly, the
units are not self resetting, and we can thus have the situation
where the conveyor could be restarted with the holdback units
still disengaged - a potentially dangerous situation.

Alternative to Controlled Release Holdbacks

A simple means of controlled release of the stored energy in a
conveyor is to provide the take-up with a means of release. In
this way, the T,/T. tension ratio is destroyed and the belt will
slip back over the held pulley. The advantage of this system is
that the conveyor will not start unless the take~up unit is
reset. Of course, there is also the advantage of cost. The
addition of a facility to release the take-up will cost nc more
than a few minutes of the draughtsman's time in the original
design. The facility is also easily retro-fitted to existing
units. ‘
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5.- - VIBRATIONS IN THE RETURN STRAND.

The return strand of a conveyor is probably the one area most
neglected by conveyor designers and operators. For example, how
many times has a conveyor been designed with a perfectly
adeguate vertical concave curve, a far as the top strand is
concerned, only to have the return strand run into the underside
of the steelwork ? The designer failed to appreciate the
significance of the fact that he has placed the drive
internally, remote from the head. This gives rise to a return
strand tension before the drive, greater than the "tight side"
tension T,. The belt has only its own mass to keep it down, and
it loses the battle, of course. Using the approach outlined in
section 3 above, we can establish the radius of the conveyor on
the return strand at any point.

The area I wish to address is the pitching of the return strand
idlers, with reference to the vibrations in the return strand.

We have seen in section 2 above that we can establish the pitch
for the return strand, based on the bearing life, the shaft
parameters and the sag of the return strand. There remains a
further parameter to investigate, namely the pitch of the idler
to minimise vibrations, or belt flap.

What -is Belt Flap?

The return belt "flaps" for a number of reasons. The most
important reason, given that there are no untoward dynamic
problems, is as a result of excitation at or near to the natural
frequency of vibration of the conveyor. The belt displays an up
and down motion which can have a magnitude great enocugh to cause
premature idler failure. The interaction between the tensioned
belt and the supporting idlers is important in system design.
Failure to recognise the potential problems and to deal with
them at the design stage, can turn an otherwise good design into
one that causes the operating personnel headaches.

The Belt and a Piece of String

If the tensioned return strand is treated as a tensioned string,
it will have a natural frequency of vibration that varies with

the tension.
This frequency is given by:

2

1 T
f. = —— HZ ceeesinsansosssssansessid,l)
2-P, B
Here, T, = Tension at the point under consideration kN
P. = Return idler pitch m
B = Belt mass kg/m
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5.1 Determining the Imposed Frequency

If the tensioned "string" is excited at, or near, its natural
frequency of vibration, it will tend to vibrate with maximum
amplitude, or resonate. Designers of belt rappers have long used
this approach to optimally locate the belt rapper with respect
to the squeezer, in order to achieve the maximum amplitude, and
therefore the maximum cleaning effect. Actually, a section of
return strand that is resonating cleans the belt rather well!
The imposed frequency is generated by any rotating part of the
system, in contact with the belt. That effectively includes all
the return idlers, bend pulleys, take-up pulley, driving pulleys
and so on. The frequency is given by the rotational speed of the
particular item, with respect to the belt speed.

The imposed frequency is given by

5 :
fj_z [_“"—] HZ l.‘.!l'tl.......lCIIIIIIIOOD(5!2)
m-D, )
here S = Belt speed m/s

o
%
il

diameter of pulley or idler at the point under
consideration m

Points to Consider

Armed with the information above, we can proceed to compare the
natural frequency of vibration of the belt (the fregquency is
continuously changing, as the tension changes), with the imposed
frequency at each station. That means checking every idler
pitech.

The worst case is when f;, = f, , when resonance will occur.

Ideally, we try to keep the value of f, between 0,7-k-f., and
1,3+k+f,,. The variable k is an integer, being a multiple or

sub-multiple of the natural freguency of vibration.

If we find that f; does fall inside these limits, then we must
adjust the idler pitch in the vicinity of the offending
vibration. Adjusting the idler pitch alters the natural
frequency of vibration and can take the section of belting out
of resonance.

Manipulating the Formulae

From equations 5.1 and 5.2 above,

When fi = fn , {the worst case)

(S

Ta

1
TD, 2-P,. B
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thus
2
D, T. ‘ :
le = m ....'.......‘.....(57.3)
28 B
‘ 2
and Tx = B.[z.Pr.fi] kN ll..............(5l4)

If the spread of the natural frequencies across the tension in
the return strand is such that f,, approaches f, at some point,
it will be necessary to establish the tension and location of
that tension where the resonance will occur. Once this position
is established, the idler pitch must be adjusted in this area,
such that ‘

£fi > 0,7-k-£,, T -

and fi(l,B'k'fn -colooloot.‘la--o---o(Sns)

These manipulations allow the designer to more easily locate
potential trouble spots and to take the necessary action to
rectify the predicted resonance.
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600 920 175 249 127

750 1050 200 290 127

900 1180 230 340 127

1950 1310 260 390 127

1200 1470 295 450 127
FIGURE 6

NOTE: {1} DIMENSION ‘A’ SHALL BE TOLERANCED TO *1,@mm

FOR DIMENSIONAL TEST PURPOSES ONLY

[2} DIMENSIONS ‘C’ &
WITH SABS 1313

‘D" ARE IN ACCORDANCE
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BELT WIDTH A B C G
1350 1865 355 300 127
1500 2052 399 340 127
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1809 2320 44 400 127
2120 2660 519 475 127
2400 294p 560 536 127

FIGURE 7

NOTE: {1t DIMENSION ‘A" SHALL BE TOLERANCED T0 11,0mm
FOR DIMENSIONAL TEST PURPOSES ONLY.

(2] DIMENSICNS 'C’ & ‘D' ARE IN ACCORDANCE

WITH SABS 1313
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PART OF DRAWING NUMBER

I o I

]

l | | Il % PICKING IDLERS

IN—LINE TYPE FROPOSED STANDARD DIMENSIONS

D

BELT | SLOTTED — CLEARANCE BELT
vl A B | Hoies D E = |eoce To RoLL EDGE

750 990 | 922 [ 14X25(265| 315 | 546 | 108 | 93 APPROX

0@ |1144 11874 114X25|265| 315 [ 698 | 188 | 94 APPROX

1050]1296| 1226 | 14X25| 2651 315 1850 | 100 | 95APPROX

1200|1448 1380 | 14X25|265| 315 |1004] 189 | 97APPROX

13C01606) 1532 1 14X25:2651 315 {1156 108 | 98 APPROX

1500|1752 1684 | 18%30! 205 235 | 1208] 15¢ | 99 APPROX

1650 | 1904| 1835 | 18X38| 285|335 |1460| 152 | 100 APPROX

1807|2658 1585 | 18X30| 285|335 |1612 | 152 | 18] APPROX

1218¢ 2362|2254 | 18X30! 285 | 335 {1918 | 247 | 182 APPROX

2400|2668 2596 | 18X38| 285 335 |2222] 247 | 1326PPROX |

FIGURE 8

WING ROLLS 125 NOM. DIA. SERIES 25
CENTRE ROLL 158 NOM. DIA. SERIES 30
WITH SPHERICAL ROLLER BEARINGS

(WHICH MAY 2E SPECIFIED AS A RUBRER
IMPACT ROLL.IN WHICH CASE DIM. C.AS MAX
WILL INCREASE BY 1@mm)
C=[1,017(W-382)+87.141 APPROX

— - — e i
FOR TOLERANCES SEE SABS 1313 PAGE 3
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INTRODUCTTON

This papers concerns practical aspects about transient belt
tensions. These are the tensions which occur in the belt during
the transjtion period - From stationary to running condition or
vice versa. 1i.e. Starting and stopping.

These tensions are usually the largest which can ever occur in a
conveyor system, and if not taken into account, can cause severe
damage to the belting, tensioning devices and associated
structures, ‘

This paper deals only with transient tensions which occur during
starting a conveyor. Transient tensions during stopping are not
discussed but obvious similarities exist.

Videos and a simple working model, analagous to a conveyor drive,
are used to show the different tensions and the two main factors
which contribute to undesirably high transient tensions.

A simple rule is then introduced to:allow high transient tensions
to be avoided at the design stage.

Two worked examples are then discussed showing the existence of
undesirable tensions and steps taken to overcome them.

Finally, before concluding, site measurements and observations of
transient tensions are briefly discussed.

VIDEO

The video shows the destruction of the Tacoma Narrow Bridge by
excitation of its natural frequency, as well as other pertinent
material.

SIMPLE WORKING MODEL

This demonstration of the simple model clarifies the various
tensions: i.e. T,., T,, Tp and accelerating tensions:- Rate
of introduction Into belE and limitation of magnitude.

SIMPLE RULE TO AVOID UNDESIRABLE TRANSIENT TENSIONS

This concerns the first main factor contributing to high
tensions:~- rate of introduction of tengion into the belt to
accelerate the system.

Simple Rule: The ramping time from zero accelerating tension to
maximum accelerating tension must be at least 5 x the time it
takes for a disturbance to travel from the head to the tail in
the return belt. (Ref: Various papers by Dr. Funke, Hannover
University)

i.e. tRAMP > 5 ¥ tBELT

WHERE tpprp = CONVEYOR CENTRES (L)
WAVE ADVANCE VELOCITY (v)

Values for the wave advance velocity v are dependent on the belt
construction and formulae to calculate them are available in
various publications. (Funke, Harrison, Nordell Et Al.)
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To allow ease of calculation (without losing too much accuracy),
the following values may be used.

Steel cord belts: 1800 m/s
EP belts: 1200 m/s
Solid woven belts: 900 m/s

The results are summarized in graph no. 1 in the appendix. It is
obvious from this graph that for the same length conveyor, the
minimum ramp time of the solid woven must be twice as long as
that for a steel cord belt.

By ensuring that the acceleration tension stays below the
critical line (refer to graph no.2), the existence or effect of
additional undesirable tensions can be ignored. i.e. For belt
strength calculations, only the maximum magnitude of the
accelerating tension needs to be allowed for (i.e. starting
factor as a %age of Tg) -

WORKED EXAMPLES

5.1 Rate of tension_introduction into belt exceeding the
critical line.

(See calculations and graphs in the appendix).

5.2 Maximum acceleration tension exceeding that value allowed
for in the design

(See calculations and graphs in the appendix).

SIMPLE SITE OBSERVATIONS AND MEASUREMENTS TO INVESTIGATE THE
Lasa o22h Voobn VAl lUNS AND MEASUREMENTS TO INVESTIGATE THE
EXISTENCE OF DYNAMIC TENSIONS

The following observations or measurements can be made:

- Starting and stopping times
- Take up weight displacement

— Winch loadcell tension

- Motor start up sequence
- Peak motor currents
- Belt over and underspeeding

Simple formula that can be very useful are as follows:

tsrop = _mv__
Tr
tsTarT = —
Whereas; 8
tgrarr = START TIME FROM "BREAKAWAY"
Tg = ACCELERATION TENSION
m = SYSTEM MASS
v = FULL BELT SPEED

Page 3/--—-
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With the first formula, given the stopping time, and knowing the
mass of the conveyor system and the full belt speed the
effective tension can be calculated. This can give a good idea
of the power requirements for the conveyor. (Compared to what is
actually installed). -

Knowing the stopping and starting time for the belt under similar
loaded conditions;

Ig =  Xgypop

E CSTART

Where Tg = Average acceleration tension.
This formula allows checking of the torque limitation or starting
factor for the conveyor.

7. CONCLUSIONS

If the rate of tension introduction during acceleration of the
conveyor is less than the critical.value, and the peak
acceleration tension value is taken into account at the design
stage, all aspects of conveyor dynamics can be ignored. The same
applies to braking. -

Note that this is a general statement and does not consider take
up types and geometry, tail or intermediate drives (tail or
booster) It has however proved to be a useful tool in
overcoming existing problems and when used in new designs, has
obviated individual dynamic analyses for medium length
conveyors:—- up to 6 km for steel cord belts and 3 km for solid
woven belts.

AS/cr/f1775
5/8/1991



