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Transport with Large 
Conveyors in Surface Mines 

Summary 

An attempt is made to differentiate between the criteria 
usually required for the design of conveyor systems under 
ordinary operating conditions and those with which open-pit 
planners will be increasingly concerned in the future. 

Based on the well-known relationship between lifting power 
requirements, the calculation of the power requirement for 
conveyor equipment is shown by calculating the local belt 
pull. 

The overall system utilization is shown to be a function of 
the characteristics of the mining machines and the avail
ability of the conveyor systems. 

Specific ways of considering paraJlel and slewing operation 
of conveyor systems are outlined. 

Finally, attention is drawn to the dynamic behaviour of the 
transport of single large lumps and the possibility of assess
ing the respective forces is indicated, in view of the growing 
importance of handling these lumps in hard rock and also in 
soft rock open pit mining. 

1. Introduction 

In the early fifties conveyors increasingly 'gained ground" in 
lignite open-cuts. They were not only used as stationary but 
also as shiftable systems for mining and dumping faces. In 
this way the typical conveyor characteristics of continuous
ly transporting large bulk material masses up gradients, 
which until then had been considered too steep could be uti
lized. However, the special conveying condition of Individual 
flights over the length of a straight face had to be taken into 
consideration. Arrangement in curves, although possible in 
some cases, will not be dealt with in this connection. 

By connecting conveyor flights into lines and combining 
these systems, the conveyor developed into a high capacity 
transport system which naturally led to a correspondingly 
complex distribution of mined material. 
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In lignite open-cuts, conveyor systems essentially displaced 
rail transport from its then dominating position; and in other 
open-cuts they became a challenge to heavy truck transport 
owing to increasing mining depths and greater volumes of 
bulk material having to be handled. Finally, this situation 
also applies to hard rock open-cuts and not only to inter
mediate and discharge transport but also at the face itself. 

From Fig. 1 it can be seen how the configuration of the 
deposit dictates the way of opening up a mine. It shows that 
considerable use of conveyor equipment is required where 
great quantities of overburden cannot be directly overthrown 
to the dump owing to the wide opening of the open-cut, or 
where the overburden has to be carried outside the mine in 
any case. 

Lump size limitation for conveyor transport in hard rock 
open-cuts can be largely overcome by using crushers for 
"intermediate treatment". 

The following deals mainly with the changing problems of 
designing conveyor systems with special reference to open
cut operations. 

2. Basics for the Design of Conveyor 
Systems in Open-Cuts 

Apart from solutions to individual problems of conveyor sys
tem components, initially the engineer planning open-cut 
concepts only had the DIN-formula to work out the behaviour 
of conveyors. This was refined, with increasing experience, 
in calculating power requirements according to the different 
resistance coefficients (Fig. 2). 

The main objective was to meet the maximum power require
ment. The only operating parameters considered were flow 
rate, conveyor length and difference in height between 
receiving and discharge points. 

However, with increasing conveying distance and conveying 
over uneven ground these parameters did not cover all 
operating conditions. More and more, calculations are now 
used for the design of long distance conveyor systems which 
make due allowance for individual load distribution over the 
different flights. In this way the power requirement for any 
loads and profiles can be estimated for each section (Fig. 3). 

The practical calculation is also mainly based on the DIN
formula and differs only in the distribution of loads accord
ing to the flights. The computation of local belt pulls in an 
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Fig. 2: Drive power requirements of a belt conveyor 

m 

"all-round calculation" makes it possible to determine all 
operating conditions quickly and with satisfactory accuracy. 

It is based on a conversion of the DIN-formula and describes 
the expected local operational conditions satisfactorily. This 
method is gaining significance as with increasing length of 
systems and optional system profiles, local parameters 
become more decisive for the operational safety of the sys
tem. Further, it allows varying the position of the drives, a 
particular advantage when determining intermediate drives. 

A particular criterion in the assessment of belt conveyor sys
tems in open-cuts is their degree of utilization. 
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Total utilization TfA of a belt conveyor system is the product of 
load degree and time degree: 

The load degree is determined by the characteristics of feed, 
the time degree by the behaviour of the system as well as its 
tie-up in the complete conveyor system. 

Usually a trouble factor x = _IL is attributed to a system 
Ta 

under certain operating conditions. From this factor the 
operating time degree is calculated as follows: 

r,f= ---

1 + X 

In a chain of conveyors (direct connection of conveyor flights 
in one line) the operating time degree is calculated as fol
lows (Fig. 4). 

r,f = ---

1 + Exi 

Time delays due to the re-direction of material - depending 
on its type - also result in changes in the operating time 
degree: 

11+= ------

1 + Xvert + Exi 

The operating time degree is that which is typical for the 
feeding branches in a conveying intersection. 
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The discharging branches of a conveying intersection or sys
tem are additionally subject to time limitation owing to non
loading due to the selection of materials (Fig. 5). 

The loading degree 'P depends on the production charac
teristics of the feeding equipment, an idea of which can be 
obtained from comparison with certain bucket wheel excava
tors. If the latter's capacity is related to and reduced by 
mining conditions, an idea of the loading degree value for the 
follow-on conveyor system will be obtained which is no 
longer identical with the continuous full work load of the 
available conveyor cross-section. 

The loading degree derived from the joint feeding of a con
veyor system by two machines can be ascertained from the 
probable load distribution of each. It appears that the sum of 
both maximum loads hardly ever occurs and therefore col
lective conveyor systems of lower capacity can be used. The 
common peak which occurs for short periods only can be 
absorbed by the overload capacity of the conveyor system. 
Up to the present, the effect upon the loading characteristic 
of throttling one machine in order to stay below the 
maximum loading capacity is still not investigated. 

3. Utilization of Conveyor Lengths 

When designing open-cut conveyor systems, special atten
tion should of course be paid, as conveyor length increases, 
to the implications and also to the possible fluctuating flow 
of material and the latter's effect of reducing the average 
flow rate and, therefore, of leaving a considerably higher 
drive capacity reserve (Fig. 6). 
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As the required conveyor lengths depend on the configura
tion of the open-cut, planning engineers often have the 
problem of having to introduce additional drive stations if 
the limiting conveyor length is exceeded. To avoid such ex
pensive measures, the alternative would be to lengthen the 
existing system and reduce the average material flow within 
a given time or to alter any other power consuming factors. 

Here a reduction in height difference between receiving and 
discharge points is a possible solution. 

Fig. 7 shows some practical examples of this. Engineers 
with open.cut experience are, of course, more inclined to 
make such compromises than engineers planning according 
to theory and without practical experience. 

4. System Designs 

When working out technical concepts of conveyor equip
ment it will be found that conveyor systems in module 
design - except where used up to nearly their limiting 
lengths - are more expensive than a "tailor-made" indivi
dual system. Module design will always be of advantage in 
cases where power parameters are changed after short 
periods of operation. The iUustration shows by way of 
example how drive capaciities are determined on the basis 
of the different mining phases of an open-cut (Fig. 8). 

5. Parallel or Slewing Operation 
with Conveyor Systems 

A basic question, which frequently crops up ,in open-cut pl� 
ning, is whether it is more advantageous to use conveyor 
systems in parallel or in slewing operation. In the past, this 
question was mainly decided in favour of parallel operation 
on the basis of the volume of mined material related to the 
time resulting between two conveyor shiftings. However, a 
study of experienced open-cut operations with conveyor 
transport reveals that an increasing number of slewing 
operations are being introduced. If slewing operation is used 
working at the mine face for example, is made easier by the 
fact that the conveyor only has to be slewed around the drive 
station. Shifting of the conveyor itself ·s relatively inde
pendent of the advance of the drive station: transfer points 
need not be re-arranged link conveyors do not have to be 
lengthened. Supplies to the face within the mine such as 
electric cables, drainage systems and also roads remain 
unchanged for longer periods (Fig. 9). 

On the mining side, earlier shifting will be possible when 
digging in several block steps. A big advantag.e is that min
ing can be adapted to indtvidual working evels. 

It is apparent that in addition to a simple comparison of the 
volume of material, there is a number of other operating 
criteria to be considered which determine the technical con
cept. 

6. Conveyor Systems Which Require Prior 
Crushing of the Material 
to be Transported 

In recent years, heavy truck transport has increasingly been 
replaced by conveyor removal. Experience shows that as a 
general rule it can be said that with about 50 m depth to be 
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mined, conveyor transport is economically superior to heavy 
truck transport even if waste material has to be broken up. 
The illustration shows the experience at the copper open-cut 
Twin Buttes Mine (Fig. 10). 

Conveyors have been recently increasingly installed, too, in 
hard rock open-cuts. This mostly requires the application of 
crushers prior to delivery of the material on to the conveyor. 
Unless the material is screened, the capacity of such a sys
tem exclusively depends on the capacity of the crusher. This 
mainly depends on the required lump size and it is therefore 
of advantage to select a lump size which is close to the 
upper limit for the conveyor width used. Although conveyor 
systems in hard rock open-cuts are capable of handling ma
terial including a large number of coarse lumps, their 
maximum dimensions are clearly defined. 

Owing to the crushing process, the material will, however, 
have sharper edges than material in soft rock operation, 
where larger lumps are mostly picked up in their natural 
form. The conclusions resulting from these problems will 
have a bearing on the required wear characteristics of the 
belt cover and its resistance to penetration of sharp-edged 
pieces as well as the behaviour of single lumps at maximum 
conveyor gradients, or on the conveyor system in general. 

Without wishing to deal with impact loads on transfer points 
of the conveyor by single lumps, attention is drawn to the 
increase in dynamic toads on the conveyor caused by single 
lump transport, a problem which will undoubtedly become 
more important. This, in particular, as in future a consider
able capacity increase of the crushers used is to be expected 
(Fig. 11). 

7. Loads on Idlers When Transporting 
Large Lump Material 

Formulations normally used in the past only allowed for 
dynamic effects on carrying idler loads when transporting 
single lumps by a coefficient of the average material load 
which increases by the square of the speed. 
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However, if dynamic forces are studied from a vibrat ion 
model ,  the effects from conveying s ingle l umps are repre
sented by a resonance diagram and are, therefore, depen
dent on the dynamic behaviour of the system, the charac
teristic frequency and the above normal frequency. 

As the characteristic frequency of the vibration system 
changes with belt pu l l ,  local ly l imited areas can be deter
mined in a conveyor system where single masses bui ld up 
vibration and become particu larly destructive. The greater 
the fl uctuations in the belt pul l  of a system, the greater the 
number of such cri tical areas which wi l l  occur. 

Fig. 12: Conveying of single lumps. Determination of the frequency relation rf 
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Fig. 12  shows as a summary a fi rst field calculation to deter
mine the characteristic frequency behaviour from which, by 
means of belt rig idity values, the critical belt pu l l  areas can 
be determined which are subject to a particularly high bui ld
up of vibrat ion. The l umps were assumed to be spherical. 

If s ingle l umps are embedded in a layer of f ine material, the 
resu lts can analogously be traced back theoretical ly to the 
id ler load after introducing a damping value (Fig. 13). 
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