
4̂

c i r c u i t : i

= 7 (l O O / m ) ^  .71

100 arises out of a 200 ton mill boina one half 

full. Clearly, if the average value of MM is ICO tons, 

the average wear rate will still be 7 tons/hour.

4.4,3.2 Kate of Production of - 75um Modification 

In order to reflect that the mill is not grinding at op­

timum efficiency at any point other than one half filling

point, it is necessary to incorporate a factor which will 

cause the rate of production of - 75/dm material to drop 

when the mill is either underloaded or overloaded.

A linear equation of the following form has been 

used :

MF * 1 - |(Mnominal ~ MMJ/Mnominal

who re:
MF * modifying factor with which the equation de­

fining the rate of production of - 7^um
material is multiplied

MM * mass of pebbles in the mill (tons)

Mnominal * a standard dry load to which the modifier is
corrected (tons)
(100 tons for a 2G0 ton mill)

4.4,4 The Division of the Mill into Sub-Mills
In order to obtain a more realistic model relating mil

. (18)
power to mill charge, a tanks~in-esrius transpoi 
oonceyt m s  usod Co describe the mill. This involves 
splitting the m o l e  pel ble mill into u number of discrete 
sub-mills, each of which has its own power equation and
each of Which xs series-connected to the next. The reason 
for this is that it has been proposed that, in larde-scale



industrial mills, it takes a significant amount of time 

for the pebble feed to propagate down the length of the

mill •

As a result of this, even though on average the mill 

may be one halt full, this distribution is such that the 

first part of the mill will be overloaded while the second 

part of the mill will be underloaded resulting in less 

than maximum power being drawn.

4,4 .4.1 Determination of Mass Flow Nate between Sub-Mills 

In determining the flow rate at any point x along the 

length of the mill it has been assumed that flow rate is 

proportional to both the slope of the charge surfact^at 

point x and to the width of the charge surface at point x.

As a result of these assumptions the following equa­

tion is obtained!

Plow * (Z}(J)(dh/dx)

where:
Flow » flow rate of charge along the mill at point x 

2 e* a constant

J * width of charge surface at point x

dh/dx * slope of charge surface at point x

Adapting the above equation, which is a continuous 

equation, into a d i s c r e t e  equation, the following equation

is obtained;

BloWp * (%)(J)((hp - bq)/6%))

where ;
Flow . Plow rate of charge between sub-mills P and 4

Pq
2 st a constant



J = Width or Charge surface at the interface between
mills p and q

hp = height of charge in the pth sub-mill 

hq = height of charge in the qth eub-mill 

= sub-mill width 

When the mills are approximately half full,

J(hp - hq) = Ay - Aq (an error analysis of this approxi-
mation is given in Appendix 3)

where:

Ap and Aq are the cross-sectional areas of the charge of

the pth and qth sub-mills respectively.

It follows Crum the lust equation that 

AxPJ(hp - hq) = ax^Ap - AX|>Aq = Mp - Mq

where;

P = density of mill charge

Mp = mass of charge in eub-mill p

Mq » muss of charge in sub-mill q

Re-arranging the discrete equation, it follows that:

Flow = %^(Mp - Aiq)
P9

where;
* — %*. * & constant 

pax/
Thus the flow rate between sub-wills is directly pro- 

portional to the difference in the mass charge of the 

sub-mills, provided the sub-mills are approximat 1 

full.
Appendix 2 considers the extension of the 

sub-mills concept to an infinite number of sub-mill*. 

Prom the work done in this Appendix, it i* felt 

tc the nature of the mathematics the inoludoi 

tinuously distributed model into C.S.M.P. simulators



would be extremely difficult, ' 1

Xn addition to this, work done by llerbst, Mika and 

Raiamani^  ̂ indicates that the errors involved in using 

a lumpod parameter model, as opposed to a distributed 

parameter model, Cor a mill are very small.

4.4 -S Simulations with Pebble Mill Power Models 

The non-linear Ulyvooruitzicht simulator was programmed 

to incorporate 3 diCCereut pebble mill power models con- 

trolled by 11 Digicon" , The first simulation involved 

splitting the mill into 3 sub-mille, while the final two 

simulations involved splitting the mill into 5 and 15

sub-mills respectively•
To illustrate the procedure adopted for modelling the 

power in these simcintious, consider the 5 sub-mills 

simulator. (See listing 3 for , program luting).

The overall power of each pebble mill, to which the 

-Digicon" responds, is obtained by summing the power of

each of the 5 sub-mil1u •
Th* equation used to obtain the power of each of the

sub-mills is the equation given m  section 4.4,,, 

where;
p = power drawn by each sub-mill

BD * bulk density of material 1%
C * a constant

. specific mill f i i u u g  Of each oub-mill



i/rom the preceding equation, it i* clear that it ia

necessary to know the pebble mass charge of each of the 

sub-.mills. In order to get a dynamic measure of the con­

tents of or eh of the sub-mills, equations representing 

the change of muss with respect to time in each of the 

sub-mills were used, These equations were then inte- 

grated with respect to time to got total pebble mass in

each of the sub-mills.
The form of these equations is given below:

MMCU = MBBI5D — MLOSS — MOOT 

where :
WMCH * mas* change of pebules in each of the sub-mills 

during the last integration interval (tons)

MFGBD « input of pebble* to each of the sub-mills during 
tho last integration period (tons)

' '  i S i I S i l
the entire mill*

MLOSS for e a c h  of the s u b - m i l l *  is calculated b)

of the S t a n l e y  oqeation described in section

the case of 6 ^  b-mills, the equation used is:
0 . 7 1MLOSS* (7/S)((100/S)/MM)

where :
MM • masa of vubblaa i" ei'c1’ sub-mill (to

MPBBO is decorained by Che oqun^o" d e v e l o p

tion 4.4 ,4 .1, namely :

MF"SU ' Zl<Ml’ " “ ,) , mi)ls is directly proportions! to
I.e. the flow between sub-mills
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I
tho pebble m u s e  diL'Ccreuce butwwcn eub-milis. ,

Ttio r e o u 118 o t these s i ’iiu 1 ?i t ions can bo s umnia r i so d £n 

FiE* 9» Front the f *• <»11 !>'•1  ̂ i-ti clear that thv following

objective, which Was outlined in section 4.4.1, has been 

achieved, namely: the power curve is a-s)m:fatric about

power peaks and the power peak i* different depending on 

whether the mill ie coming out ol' an overloaded or under­

loaded stare*
In addition to this, the following can be observed:

(1) No delay it* detectable between a change of feed 

state and an increase in power,

(2) The power curves in the 6 and 15 sub-malls simu- 

lati.ons are remarl auly similar, whi3.e the power 

curve for the 3 sub-mills simulation is signifi­
cantly diiferent. Clearly the 15 sub-mills 

simulation ie the closest to reality. The 5 

sub-mills model, however, would appear tr, repre­

sent an excellent compromise between accuracy 

and complexity- (The program for the 15 sab- 

mills case takes upproximiituly twice as s

to ran n8 the p r o g r a m  Cor the 5 sub-mills case).

4,4,5,1 oration of
Bor a r e a l i m r t e s t  of the mill power model (incorpora­

ting 5 sub-mills), it i* necessary to corrupt the poter

signal with noise and to look at two response
. ___1 This noise occurs

"Digicon" to this noisy power signal"
x _ j ,, the circuit. 

as a result of random disturbance*-

Thu n c i o e  nd.lcd id of tl'b followina form: 

dN(t) = - rN{ t ) d t + Gaueii/*ir 3'f~
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which is the equation describing coloured Gaussian noise. 

Gauss is 8 GaussiaiUy distributed random number,

In the discrete case (necessary for computer simula­

tion), noise has been generated in the following

fashion:

M(t + A t )  * N(t) - rN(t)At + Oauss/vljt 

where Gauss is a C,S.&LP+ generated random number having 

a Gaussiau distribution. This distribution has been 

chosen to have zero mean and a standard deviation of 0.5,

The power spectrum of the coloured Gaussian noise is:

$ < « ) ' - - 5 ^ — *
^  r + W

while its variance is given by

Value* of "V and r, which generated noise similar uO 

noise found in practice, were used. This noise was intro­

duced and simulations wore run (using the 2 and 10-miaute 
filters). Spurious switching of the "Uigicon" was ob­

served and the mill either choked up or ran ernpt). Woise 

of a lower level was then introduced and the simulations 

Here rupee ted. Tne roeultu can bo best Su„,marised in Fig. 

10. From this figure it cun bo suen that Cor the

minute filter, « delay of approximately ^
between change of Coed state and power rise, and that lor

a 2-minute filter a delay of approximately 2 minutes
exists. Those delay* have boon oneorvdd in P
they are caused purely by the averaging period of the

filter and not related to the time taken for th*
mill* This is

Pebble f e e d  t o  p r o p a g a t e  a l o n g  t h e
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corroborated by tbu fact that when the filter waa elimi- 

aatod from the aimulntions no delay existed,

In addition to this, big, 10 shows quite clearly the 

deterioration of [wrfvrmance of the "Uigicou" under noisy 

conditioao as a function of filter time constant. Note 

that in the case of the J*-*minute filter the power drops 

siGnificH"tly lower than in the case of the 10-minute 
filter. The reason for this ie that more noise can get 

through the 2-nxnutv filter than through the 10-minute 

filter, resulting in the " M g i  con" locking on to spurious 

noise peaks and thereby delaying switching when the power 

Palle* This observation is in agreement with the fact 

that, in practice, the "Digicon". has worked best when the 

10-minute filter hau been selected,

4 '<('G ,A, aiSXifLl
In section 4 .4*1 the power characteristics of a pebble 

mill under ''Digicom" control have been described, Sections

4,4,3 to 4 *4 ,S have described the development and testing 

of a model to reflect these characteristics on the Bly- 

v o o ru it z i c h t  c i r c u i t .  The model appears to be v e r y  

lie tic since it reflects the power charactuiistics

in practice and the spurious switching of the Digico

in the presence of noise*
In addition to U.io, tb« modol has advanoo.1 an e m a ­

nation for the time delay V resent between the change of 

Pebble feed abate and an increase in the apparent power 

'rawn by the pebble mill. It alBO b'ilin demonstrated
that the 8l. U t t i « B of the pebhlu mill into five sections 
hoes not result in an unwieldy simulation Program for t



Blyvooruitzicht circuit. (See Lieting 3). Thug ^  

appear that there 10 justification For uoing the 5 sub- 

mills power model as opposed to thu single mill power

m o d e l  i n  a " umal  J m i l l i n g  c i r c u i t : . A s  a r e s u l t  of the  

good correlation between the mill power model and prac- 

t i c e  1 i t  i s  C e l t  t h a t  t h i s  model  could be used as the  

basis for the dewiyn of more advuncud pebble feed con­

trollers.

4.5 The W*,e ft' thu lubblo Mill Power Model in a "Large"
Mi 11 in,; Circuit "

In s e c t i o n  4 , 4  an a d v a n c e d  power model  ( i n c o r p o r a t i n g  '6

aub-millo) has been developed, and it has boon decided

that in the case of a "email" milling circuit the extra

computer effort is justified in terms of the superior

definition which this model provides. It is now appro-

p r i f t  to t o  consider w h e t h e r  t h i s  c o n c l u s i o n  holds f o r  a

"large" milling circuit.

4,6,1 Simulations of a "larjie" Mll!inK_Circuit with t W  
Pebble Mill lower Alodul

Simulations w e r e  r u n  who rein p e b b l e  m i l l  pov s r  models

were included in the Wuffelsfontein simulator. In the

first instance, the power model used was the single

model, while, in the second instance, the G sub-milIs

model was used. In both casus "Digicon" power contiol

#46 used. Listing 4 gives a listinG of *he piogra

the first simulation, while Listing S gives a
Pie 11 compares a

the program for the second s i m u l a t i o n .

P ortion of o n u  c y c l e  of t h e  simulntctl p r o d u c t  
• W e s t i n g  load, r,.ultinS f r o m  tl-o s i n B lo mil l
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simulation* with a portion of one cycle of the simulated 

p r o d u c t  size and circulating load resulting from the 5 
gub-mills simulation.

From this comparison it is seen that the overall 

shape of ih* curves is similar while small differences in 

detail do exist. The magnitude of the variation ie of 

the same order in both casus.

Wearing in mind the enormous complexity of the 5 sub­

mills simulation (5u state variables are required) as op­

posed to the relative simplicity of the single mill simu­

lation (3# state variable# are required), it is fair to 

conclude that the extra computer effort required by the 5 

sub-mills model Cun only be justified in a simulation of 

a "large" milling circuit requiring a very high degree of 

definition.

4'G Summaris in & Kemnrkn

This chapter has dealt with certain aspects of the model­

ling described in Chapters 3 and 3 with the intention of 

determining what minimum level of complexity is required

i n  the m o d e l l i n g  t o  e n s u r e  that the resultant oimulatoiu 

have enough definition and a c c u r a c y  to be a b l e  t o  yield 

a better understanding of milling circuits,



CHAPTBK 6

3 VALIDITY CF TUI; SIAlUl.ATOKS

6.1 Gun" ra_l

Aftsu£ simulato^w liaVv? Lusxi bu3.Xip it io iiuctissary to 

chuck tho outputs 00 those simulators against the outputs 

0f the real-lil1" systems which the simulators are model­

ling. This is done by a process 00 testa in which added 

conCidence in the simulators is gained as each stage in 

the testing is passed. Ultimately one hopes to be able 

to express confidence in the simulators that they will . 

reflect reality within the error bounds to which the 

simulators Were originally built.

5.3 Th* Validity of the Dlyvooruitzicht Simulator 

Tests don* by Hinde^) ,1*^* indicated that there exists 

a strong degree of correlation between the simulated dy- 

oamic response of the Dlyvoorwitzicht circuit to a step 

Change in its rod feed (Fig« 3) and to a step change

it* water addition (Pig* ^he actual dynamic

sponee of the circuit to these steps# This ha cootr' 

ted to a degree of confidence in the simulator 

to warrant the use of the simulator for the devel f 

op improved control strategies tot the

5.3 The Valldl'T  cf the Simulator

5.3.1 Level of A c c u r a c y  intondod

The BuffeisConiein simulator which has been devel 

this dissertation was primarily intended to
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overall trends which exist in the DufCoJsfontein circuit 

operating under dynamic condition*, it was of secondary 

importance to model the circuit in such a manner that the 

output* of the simulator would agree exactly with the ac-
tua 1 outputs oL the roa3,*** 1 xi,o system.

5,3,9 Factors inL'luencinn tho Accuracy of the Simula tn,, 

One of thu major ractors inl'luvncing the accuracy of the 

simulator Was tho Pact that the module doscribing the 

circuit were arrived at largely through simulation. This 

was necessary because opportunities to do modelling tests 

on the Buffelefontoin circuit were limited,

Otner factors influencing the accuracy of the simu­

lator arc:

(1) The fact that the accuracy of all the meawure- 

me nt e  taken o n , and used i n  the  development  of 

th# simulator, are limited by the accuracy of 

t he  m e a s u r e m e n t  technique used.  As examples of  

t h i s  i t h e  m a g n e t i c  f l o w  me t e r  and the  p a r t i c l e  

size monitor are both complex instruments that 

t i re  s u b j e c t  t o  calibration problems,

(9) The fact that the milling circuit in general is 

a system which is subject to random fluctua­

tions, 'inis could result in the average value 

for a certain measured parameter to be different 

from, way, one one-hour period to anotl

6,3,3 Analysis of the Outputs .of the Simuljitor 

6*3,3,1 Outputs of thu Stnndy 5tatu__5imulato_

* .  " " " " " "



has been described in Chapter 3, and it has been sa 

that there ia a good degree of correlation witn the 
circuit in atcady etato.

said i

actual

Two standard t o  ts w e r e  run t o  check the dynamic response  

of the simujntor, The first toet, shown in Kig. s, i* a 

step i n  t h e  w a t e r  a d d i  t i o n  t o  the head tank  ( d i s t r i b u t o r ) , 

while the aecond test, shown in Kig. 6, is a step in the 

feed to the rod mill.

The response of the actual circuit to these tests was

not available; however, the response of the simulator to 

then# t*et* can lie evnlunted by considering that:

(I) The response of the buffelsfontein simulator to

the step in rod mill feed was similar in form to

the response of the blyvooruitzicht circuit to a

similar step, (Compare Ki&, G with Pig, 3).

(3) The response of the Buffslsfontwin simulator to 

the step in water addition to the head tank was 

similar in form to "he response of the Wlyvoor*

uitr.ic.it circuit to a similar step« (Compare

Pig, 5 with Pig, 3)*
(3) Tho Uuffelefonwtn simulator's response to the

exhibit the inverse response

LeesC*),

response reported by

On c o n s i d e r i n g  the above points. it* felt that the



gimulator which hue been developed to modal the BuPPeis- 

fontein circuit cun be regarded as a simulator which will, 

at the least, indicate the trend which the KuPfelsfontein

circuit w i l l  lollow when i n  u dynamic s t a t e ,

5,3'd Future Work

was stated in s e c t i o n  S. 3 .3  , i t  was not  a p r i m a r y  in­

t e n t i o n  oP t h e  But  Pe3 y i on t e i n  s i m u l a  t o r  t o  model t h e  c i r — 

cult in such a manner that simulated outputs would agree 

exactly with actual outputs*

In future studios, it would oe desirable to gain di­

rect accesw to the circuit to do the fallowing:

(1) Run dynamic tests on the circuit to compare the 

simulated outputs with actual outputs.

(3) Account for and rectify any discrepancies which 

m*y occur between the simulated system and the 

real system. This could be done by running 

"modelling*' taste on various elements in the 

circuit with the aim of updating those models 

whose output* do not match reality within small

error bounds*
(3) Avcoun(. in t!t« simulator For the difl’orencial 

transport time of material From the head tank

to each hydrocyclone*
T h u s ,  as a ronult of Hh.t has boon outlined abom, It

d m  be said that thuru exists » well-def).n«U icute y 

Which the present dynamic simulator, which follows trends, 

con be „ * „0 track the actual outputs with small



CHAPTER G

‘yjjtj impt’OVyU cofltj'Ol of tttiXlxnĵ  circuits is q. subject 

whlcl), in recent yours, haw received a considerable

1 M »«« or att8 n tion<3 3 - »-». 2 5 ' 2°).

It is not the intention of this dissertation to re-

commvnd definite control strategies for the Buffelsfon- 

tein circuit, but rather to consider various control 

jtrate&ius with the aim of determining whether i iroved 

control is a realistic possibility for the Buffelsfontein 

circuit.
The Buffelsfontein simulator, incorporating a single 

aill power model with "Digicom" control, has been used 

throughout this chapter to investigate:

(1) 'The ability of a controller to maintain the

steady state product size when the system is

subjected to a step.
(2) The ability of a controller to track a set point

in product Site Which is finer than the steady

state product size.
(3) The ability of a controller reduce var

in product size when the system is subject to a

noisy feed input *
U ,  The advantages (or lack thereof, of "Dig—

pebble mill control as opposed to a different

mill control str*tegy.
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6 .2 Control Objectives

An important aspect of grinding circuit control is the 

objective which one sot,, £ or the con I rollur. Two broad 

classes are outlined below:

(il It is desired to increase the fineness of grind

of the product. This is consistent with an ore

where the finer the ground product is the 

greater the yield of mineral will be.

(ii) It is desired to minimise fluctuations in the

product size. This is consistent with an ore
( 4  v

that has a knee (see Fig. 12) in its mineral 

yield/product size characteristic, i.e. for an 

ore where the mineral yield will be a constant 

for all product sizes tiner than a certain size.

It is then desirable to keep the product size 

at tne knoe.
Both objectives have been dealt with in this investi- 

gstion.

6,3 Control of the System when subjected_to^a Stop

The Buffelsfontuin simulator was subjected to a step change

in rod feed (ICO tons/hour to 110 tons/hour) and the con

trol objective Wat the maintenance of the stcacy

product size, The form of the controller was propor

i n t e g r a l  feed back from the Particle S i z e  ilonito

to head tank water addition. (See single feed back con

trol in Pig. 15). Pig*. 13 ^
uncontrolled responses of the system

steady value of water addition to the head tank
control is 220 tons/hour. (Water addition to the head
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tank under normul operating conditions is 112 tons/hqur).

prom thea<? figures it is clear that, in principle, con­

trol of tke Buffels fontsin circuit under dynamic condi­

tions is possible. It must be pointed out that a study 

aimed at determining the best control strategy under 

these circumstances must account for the inherent delay 

between head tank water addition and product size.

6.4 Finer Product $i%o Control

As outlined in section 6.2, under certain circumstances 

it is desirable to increase the fineness of grind of the 

product. Simulations were, therefore, run in which a set 

point in product size finer than the normal product size 

was specified , In order to achieve this, three di11erent 

control strategies were used. (See Fig. 15).

In the first case, feed back from the product size to 

head tank water addition was used. In the second case, 

("parallel" control), feed back from product size to head 

tank water addition and feed hack from pioduct size 

rod mill feed were used, while, in the third case, 

("cascade" control), the product size was ted 

head tank water addition, and thin, in turn, wan fed back

to rod mill food.
In all cases, the feed back was via a proportional

integral controller and the water which could be added to

the head tank was limited to an arbitrary valve cf 3*0

tons/hour. (This was done in order to reflvc
Practice there is a limit to the amount of water which can

be addwd to the head tank), I" third case,
t-r, thr rod mill Was only

trol loop from the head tank
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activated when the water addition to the head tank had

gaturated .

Xu the Pinst set oC simulations, a product size oP 75% 

less than 75/Jim was apocil'iod. lUgs. lo and 17 give the

respnnnys ot ttie circuit to the three diPPerent control—

lers .
From these figures, it is clear that the first type of 

controller cannot maintain a product size of 75% loss 

than 75yJm. The reason Cor this is that the water addition 

to the head tank has saturated. In addition to this, it 

can bo seen that, with the first type of controller and 

with a s a t u r a t i o n  level of 350 tons/hour, the best product 

size which one can aim for is 73,1% less than 75^m.

pigs. io and 17 also demonstrate that it is possible 

to maintain a product size of 76% less than 7S^m with the 

second type of controller. In order to achieve this, 

however, the rod mill feed must drop to 83,4 tone/hour 

while the we ter addition to the head tank must ri^e

128,7 tons/hour.
In addition to tlio above, Fifis- 16 “nJ 17 demonstrate

that at is possible to maintain a product site of 75>

less than PSyjm with the third type of controller. In tha.

case, the rod mill feed need only drop to 93.7 tons/hour,

While the water addition to the head tank must rise to

260 tons/hour. The underlying reason which t M

the third control strategy can effect its
higher rod mill feed than the second control strategy »
that the second type of controller shares the centre .

» a .  it he r<, ,    .r mntrollor uuus the rod
. On (111 with 1 ri lhe> third
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mill feet a» “ co,n,'°1 variable only when no additional
water can be uUdiW to the head tank,

In further sets of simulations, it was demonstrated 

that product wtzco finer than 75>» leet, than 75/Jm can be 

achieved with the second and third control strategies if 

one is propwfed to tolurutw further drops in rod mill 

feed. Pi#" 18 show# thu reuponwe of tbg Wuffalsfontein 

simulator to product size set point control of 8 W  less 

than 75pm tith thu second controller.

i n  addition t o  t h e  above sets of s i m u l a t i o n s ,  a slum-  

lation Was run (SOS Figt 13) wherein the Buffeiyfonteln 

circuit's product ei%o was controlled to 76** less than 

7gum through proportional integral feed back from the 

product s i z e  t o  t h e  pump s p e e d « 1 h is  s i m u l a t i o n  demon­

s t r a t e s  t h a t  c o n t r o l  s t r a t e g i e s  need n o t  necessarily in- 

corporats concrcl over water addition to the head tank.

In conclusion, it can be said that, in principle,

fin* product aiaw control of the Duffolsfontein circuit

is possible.

6.6 Control of Product Si%e_VariwnS2

that described in Chapter 4 was 

^eed. Fig. 30 compares the unc
5ontf</Uc<i rooponss of th.
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system to this noisy input with the controlled response 

Of the system to u similar input. Single feed back con­

trol of the same form as the control described in section 
6.3 has hewn ueed.

As a result of these tests, it i* felt that control 

of product size variance is a realistic objective for the
Buffeisfontein circuit.

6 .6 Pebble Feed Control

The Buffelsfontein simulator was used to compare the ef­

fectiveness of "Digicon" pebble mill control with an 

alternative pebble mill control strategy. The alterna- 

tive controller operates in the same way as the •'Bigicon'*,

excepting that the pebble feed is not switched between 

full on and off as in the “Bigicon" but rather between a 

value just above the average feed value and a value just 

below the average feed value,

In the Buff clef ontein circuit, the "Dig! con" switches 

between 18 tons/hour and 0 tons/hour, while the alterna- 

tive controller switches between 10 tons/hour and 8 tons/ 

hour.

Simulations were run with the system operating in 

steady state under both typ&s of control, In order to

compare the t w o  different controllers, three performance

indices were devised,
firstly, the product size was integrated to obta' 

measure of the fineness of the product. The second pt.r 

formunce index Was the integral of the difference between 

actual product size and steady state ptodu 

waa intended to serve as a measure of the Var



*------ '' — --ee index was integrated
„,ill power. This was intended to measure the total 
amount of power drawn by each mill,

fie. SU contrasty the product wise **4 circulating 
load of the Bu L1 els t on lain circuit under "Digieon" con- 

trol with the product *:ze and circulating load of the 

Buffelufontein circuit under the control of the alterna­

tive controller. Pig. 92 contrasts the mill power charac­

teristics of th* "Dieicon" controller" with the power 

characteristics of the alternative controller.

No significant difference between the two different 

strategies was indicated by the performance indices.

(The order of difference was 0.10%).

Simulations were then run with the system subjected 

to step changes in the inputs of the system, and again 

the performance indices showed no significant difference 

between the two control strategies. It can therefore be 

concluded that there is no significant difference be- 

tween the two controllers.

Bearing the above simulations in mind, it can be said 

that facilities do exist in the Uuffelefontein simulator 

for the comparison of different mill control strategies.

6.7 Concluding Remarks
This chapter has demonstrated the feasibility of improved 

control of the Buffolsfontein milling circuit. As pointed 

out in sectioa 6 .lt it was not the intention of this study 

to recommend optimum controllers, thus the control 

Which have boon used were chosen for their simplicity.
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APPUMUIX 1

rmiPUTUK PKOGKAM LISTIAOS

1, Listing o? non-linear blyvooruitzicht Simulator.

g. Listing for UuCCelsContein Simulator operating in
Steady State.

3, Listing of non-linear Blyvooruitzicht Simulator
incorporating a S Sub-Mills Pebble Mill Power Model.

4. Listing for Buffelefontein Circuit incorporating a 
Single Mill Pebble Mill Power Model .

5. Listing Cor tiuCfelsContein Circuit incorporating a 
5 Sub-Mills Pebble Mill Power Model.
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