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CHAPTER 1
INTRODUCTION
1.1 The Aim of the Project
The aim of this project is to optimize the performance of the Primary Crushing Circuit at
Premier Diamond Mine by maximizing the quality and recovery of the diamonds being
produced at as low a cost as possible. In terms of quantifiable quantities the aim can be
rewritten as sending as much material as possible to the roll crushers and the X-ray plant and

trying to minimize electricity consumption.

The reason for trying to send as much material as possible to the roll crushers is because
these crushers liberate the diamonds more efficiently and with less breakage of the diamonds
in comparison to a standard cone crusher. The roll crusher works on the principle of
breakage due to pressure, which diamonds can handle well, whereas with a standard cone
crusher breakage occurs due to impact, which may break diamonds. The good liberation of
the diamonds in the roll crusher is due to the disintegration of the kimberlite along defects

present within the ore to produce fine particles which are not attached to the diamonds.

The reason for sending as much material as possible to the X-ray plant is to remove the

larger diamonds as early as possible to avoid possible breakage during further processing.

The reason for trying to reduce energy consumption is because this relates directly to a cost

saving.

1.2 The Methodology

Historically simulation has proved to be a way of optimizing a process.

Due to surges in the feed to the plant a dynamic simulation was done. The present
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simulation was done by using the Siman 4 simulation package. This is a dynamic stochastic
general-purpose simulator, which specializes in discrete simulation. The material entering
the plant was described as discrete entities of 10 tons each with attributes assigned to the
entities. Due to the uniqueness of this approach the unit models had to be adapted to be able
to operate in this environment. The energy consumption was modelled by using the

continuous simulation facilities available within the simulator.

The steps that were undertaken to be able to do this project were the following:

(1)  The process and operating parameters needed for simulation were investigated under
the current operating conditions and the unit models were adapted for the general-

purpose simulator.

(2) A simulation was done of the plant using the parameters relevant to the simulation for

the current operating conditions.

3) The simulated model was verified and validated, using a test of reasonableness, and

by an animation of the simulated plant.

4) The operation of the model using different sets of parameters, were evaluated by

comparing the outputs of the model with the various operating configurations.

1.3 Background
Simulation is defined as an activity whereby one can draw conclusions about the behaviour
of a given system by studying the behaviour of a corresponding model whose cause and

effect relationships are the same as those of the original system.’



A distinction needs to be drawn between activities in the manner that they can be described.
Where an activity can be described completely in terms of its input, the activity is said to be
deterministic.
outcomes, the activity is said to be stochastic.> Due to variations in the feed to the plant and

the plant reacting differently under these varying circumstances, a stochastic simulation was

done.
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Where the effects of the activity vary randomly over various possible

Figure 1 illustrates the framework within which this simulation fits.
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Figure 1-The different types of simulation.

In this particular study a system simulation was done. System modelling entails having the
different units of a process configured in a particular manner which is the combined system

where the units interact with each other. These individual units are usually black box type

models.
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The description of the system is organized in a series of blocks, i.e. spécific types of
subroutines available within the simulator. These blocks are attached to each other in such
a manner as to describe the operation of each unit in the system. Appendix A shows how
these units, described by blocks, are attached to each other to describe the primary crushing

circuit.

In these systems there are entities with attributes assigned to them that flow through the
system. The following table shows some examples of entities, the attributes assigned to
them, the systems they operate in and the resources doing work on the entities.

Table I. Examples of systems with activities done by the entities flowing through them.

System Resources Entities Attributes Activities
Traffic Robots Cars Speed,Distance Driving
Bank Bank Teller Customers | Balance, Credit Depositing

Status
Communications | Satellites Messages Length, Priority | Transmitting
Supermarket Teller Customers | Shopping List Checking-out
Ore-Dressing Crusher Ore Size Distribution | Materials
Handling

1.4 The Primary Crushing Circuit
The optimization for the ore-dressing operation for diamond mining is different to that for
most minerals, due to the fact that the breakage of diamonds must be avoided while at the

same time liberating the diamonds.
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As indicated in figure 2 the primary crushing circuit consists of a series of crushers and
screens. The McCulley crusher does the primary breakage of the material entering the plant
on conveyor 1634. Most of the material that enters the primary crushing circuit comes in

on 1634 conveyor from the washing plant and consists of large particles.

The double deck screen separates the product into three fractions. The fines leave the circuit
immediately, because they would just take up processing space and waste energy. The
middle fraction goes to the strategically placed X-ray plant, to remove larger diamonds
before they can be broken by further processing. The top size goes to the shuttle conveyor

from where it goes to the secondary crushers.

At present the emphasis is on recovery and due to this the shuttle conveyor sends most of
the material to Symon 5 and 6 crushers. This material is then sent to the roll crushers,
where the diamonds are effectively liberated due to the roll crusher’s superior breakage

mechanism.

Symon 3 and 4 crushers handles excess material and lessens the load on the roll crushers.
This is done by forming a sort of a waiting bay with its closed loop and also having some

of the fines removed by screens 9 and 10.

All the material that enters the plant goes to the H.M.S. plant, except for the small fraction

removed by the X-ray plant.
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Figure 2-Flow sheet of the primary crushing circuit.
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CHAPTER 2
DATA COLLECTION
Data was collected from historical data, i. e. size distributions for the feed and product

streams of the screens and of the crushers at different closed side settings.

Data was also collected from experiments conducted on the plant, i. e. the correlation

between energy consumption and tonnage for the screens and crushers.

2.1 Collection of Size Distributions
The size distributions were obtained by stopping the selected conveyor belt and cutting 2m
sections from the belt contents. This material was then subjected to a sieve analysis

according to standard procedure.

The size distributions of those streams that were critical for the simulation of the plant, i.e.
the in flow and out flow for each of the units which were collected over a period of a couple
of months. This was needed because certain parameters for the models of these units had

to be adjusted to fit the size distributions accurately.

2.2 Collection of tonnages

The flow rates were obtained by taking readings of the weightometers in real time. The
weightometer readings of conveyor 1634 in the plant were reasonably accurate at the time
that the readings were taken, the reading were taken after calibration had been done by the
operating personnel. The readings were also subjected to a quick mass balance to asses their
accuracy. This was done by summing the weightometer readings of conveyors 1634 and

1606A which must then be equal to that of conveyor 1615.

The flow rates from the belt cuts were obtained by multiplying the mass per unit length with
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the belt speed. The loadings on the belt appeared constant when the belt cuts were made.

The feed rate is defined as the rate at which these blocks of ore enter the plant, which means
the delay time between the arrival of these entities is directly related to the feed rate for a
constant block size. Either block size or frequency can be varied to obtain different feed

rates.

A large amount of data on the feed rates to the plant were required and obtained. The feed
rate to the plant is not constant over time, which means that a population distribution has to
be fit onto the data for the feed rates entering the plant. To obtain a population distribution
of arrival times for material entering the plant, a histogram was constructed of the delay

times between the arrival of consecutive blocks of ore of 10 tons each.

The simulator has a random number generator and a conversion function was used to
approximate the population distribution. Due to different approximations of the population
distributions by the random numbers, two consecutive simulations will give different outputs
and 10 replications of a single simulation run were done to allow statistical analysis of the
output to be done. The reason for using 10 replications is because this gives the optimum

results in terms of statistical accuracy and the time needed to do the simulation run.

The tests gave satisfactory results, and the population distributions shown in figures 3 and

4 were used in the simulation.
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Figure 3-Population distribution of the arrival rate of entities on conveyor 1606A
obtained as the best fit on the histogram of the data.
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Figure 4-Population distribution of the arrival rate of entities on conveyor 1634 obtained
as the best fit on the histogram of the data.
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The accuracy of both these population distribution functions was assessed by doing the
goodness-of-fit statistical tests’.
For the material entering the plant on conveyor 1634:
Null Hypothesis: The population distribution is defined using equation 1.

_ (Inx-a)*

Population distribution = 0,02 + xlexp 2 1)

V2T P
where mean=0,0651, standard deviation=0,0394; x>0

The type of population distribution, in this case being the log-normal population distribution,
and the values for the mean and the standard deviation were obtained by using a best fit

routine available in the simulator.

Alternative Hypothesis: The population distribution is not adequately described by equation
I

Level of Significance: 0,05

Criterion: Reject the null hypothesis if ¥*>9,348, the value of x* for k-m=4-1=3 degrees
of freedom. The degrees of freedom is such a small value due to the small number of data
points, 58, and the low value of the expected frequency in certain intervals which should at
least be five.

Calculations:

2
ag.—¢e
' =2f=1 —( )
€; 2)
_(10-8,87)° (27-25,11)* (11-13,98)* (10-9,62)° (
8,87 2511 13,98 9,62
=0,936

Decision: Since x*=0,936 does not exceed 9,348 the null hypothesis is not rejected. Thus
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it can be concluded that the above mentioned population distribution function is a good fit.

For the material that enters the plant on conveyor 1606A:

Null Hypothesis: The population distribution is defined using equation 3.

—3ye-1 -
Population distribution = 3+12x Ffi?.;?;) X (x123) x(1 —(xl—z?’)'3 B €))

where 0.=0,484, p=1,58; 15>x>3

The type of population distribution, in this case the beta population distribution, and the

values for a and f were found using a best fit routine available in the simulator.

Alternative Hypothesis: The population distribution is not adequately described by equation
1z

Level of Significance: 0,05

Criterion: Reject the null hypothesis if y*>11,143 , the value of ? for k-m=5-1=4 degrees
of freedom. The degrees of freedom is such a small value due to the low value of the

expected frequency which should at least be five.

Calculations:
2
g.—é
x2=2f=1 e
el. 4)
_(48-48,472)* (13-14,608)* (8-9,96)*> (8-7,304) . (6-10,707) (
= + + + +
48,472 14,608 9,96 7,304 10,707

=2,70

Decision: Since x*=2,70 does not exceed 11,143 the null hypothesis is not rejected. Thus

it can be concluded that the above mentioned population distribution function is a good fit.
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The shape for the population distribution of conveyor 1634 may be due to the surge bins 1

and 2 filling too quickly, because the initial feed rate onto the conveyor 1634 is too high.

The shape for the population distribution of conveyor 1606A may be due to control being

employed by either having the feed onto the conveyor either completely on or off.

2.3. Energy Consumption of the Different Units

The energy consumption of selected units in the plant were investigated, as a function of the
operating load. This was done by measuring the energy consumption using a multiplier
circuit linked to a recorder while tonnages to a particular unit were measured by doing belt

cuts.

The multiplier circuit multiplies the immediate current with the immediate voltage to obtain
the power factor corrected power consumption and not the apparent power consumed. The

operation of the multiplier circuit is discussed in appendix B.*

The power consumptions measured for some of the units are shown in figures 5 to 7. A
straight line was drawn through the data points, using linear regression, to obtain an
empirical correlation to use in the simulation model. The 95% confidence intervals, meaning
that area where there is a 95% confidence that the data will fall into that particular area, are

also indicated on the graph.

The graphs 5, 6 and 7 indicate the tonnage versus energy consumption for the different units

that were investigated.
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Figure 5-Power Consumption versus Tonnage for the Screens.
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Figure 6-Power Consumption versus Tonnage for McCulley Crushers.
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Figure 7-Power Consumption versus Tonnage for the Simon Crushers.

Only the energy consumed by the main motors of the units were recorded, while the energy
consumed by the auxiliary motors, such as oil pumps, as well as the energy consumed by the

conveyor belts and feeders were not included.

2.4 Operating Parameters for Units in Plant

The operating parameters for the crushers in the plant were obtained from physical
measurements and information obtained from the operating personnel in the plant. The data

is indicated in Tables II and III.
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Table II. Operating parameters of the crushers
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Operating McCulley 1&2 Symon 3&4 Symon 5&6
Parameters
Closed side setting (mm) 65 25 25
Maximum tonnage (tph) 700 270 270
The screens were characterised by the data as shown in Table III.
Table III. The operating parameters of the screens
Operating Screen 7&8 Screen 7&8 Screen
Parameters (top deck) (bottom deck) 9&10
Aperture size(mm) 75x65 50x28 50x28
Width of Screen(m) 1,7 1,7 1.7
Length of Screen(m) 4.7 4,7 4.7
Angle with Horizontal || 15° 15° 15°




	Front
	CHAPTERS 1-2
	CHAPTER 1
	1.1 The aim of the project
	1.2 The methodology
	1.3 Background
	1.4 The primary crushing circuit

	CHAPTER 2
	2.1 Collection of size distributions 
	2.2 Collection of tonnages
	2.3 Energy consumption of the different units
	2.4 Operating parameters for units in plant


	Chapters 3-4
	Chapter 5
	Chapter 6
	Back

