e T

splitting rhe wnole peible mill into

circuit:

~
gr = 7(100/80)%* 72
whare 100 arises out of a 200 ton mill bLeing one half

full. Clearly, il the average value of MM is 100 tons

the averageé wear rate Will srall be 7 tons/hour

4.4.3.2 Rate of Jroduction of - 75ym 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 dis necessary to incorporate a factor which will
cause the rate of production of =~ 7qum material to drop
whun the mill is eather underloaded or overloaded,

A linear egquation of the following form has been
used: ’

MEF 1 - |{Mnominal -~ M¥)/Mnominal

MF = mudil'ying Pactor with which the equation de-
fining the rate of production of - 7dum
material is multiplied /

Mat = mass OF pelbles in the mill (tons)
a standard dry load to which the modifier is

corvected (tons)
{160 tons Lor a 200 ton mill)

Mnominagl =

4.4.,4 The Division of the Mill into Sub-Mills

¢l relating mill

(18)

a tanks-in-serius transport

In order to obtain a more realistic mod

powar to mill charge,

soncept wasg used €O degcribe the mill. This involves

4 number of discrete

sub-mills, vach of which has its own power eguation and

each of which iw gurivg=-connected to the next, The reason
for this is that it has beed proposed that, 4in large-scale

v ey A

s ¢
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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
ﬁny be pna half full, this distribution is such that the
piret part of the mill will be overloaded while the second

part of the mill wWill be underloaded resulting in less

than maximum power being drawn,

4,4.4,13 Dutermination of Mass Flow Rate between Sub-Mills

In determining the [low rate at any point x along the

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

proportional te both the slope of the charge surfact at

point x snd to the width of the Eharge surlace at point x.
As a reeult of these assumptions the following equa-

tion is obtained:

Flow = (Z)(J){(dh/dx)

whers:

Flow = Plow rate of charge along the mill at écint X
A = 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 & continuous

equation, into a discrete equation, the following equation

ig obtained:

Flowgq = (2)(T)((np = hg)/lux))

where:

Flow = flow rate of charge between sub-mills p and 4
Pq ‘

Z = p constant




46

J = width of charge surface at the interf

mills p and q ace between

hedght of charge iu the pth sub-mill

=
ke
]

height of charge in the qth sub-mill

=
[fa
it

t Ax = sub-mill width
: i When the mills are approximately half Pull
y 5

: J{hp - hq) = Ap - Ag {an error analysis of this approxi-
mation is given in Appendix 3)

where!

; . Ap and Aq are the cross-sectional arvas of the charge of

the pth and gth sub-mills respectively.

Baia kit

] : It Pollows {rom the lust equation that

Hi

Ang(hp ~ hq) AKpr - axgaq = Np - Mg

where!
g P = density of mill chavge
Mp = mass ol charge in sub-mill p
Mq = mass of charge in sub-mill g ' .

Re~arranging the discrate equation, it follows that:

‘ T
Plowpq = 74 {?p Mg)
§ wherea!
)
7 2L = mmgg = an constant
§ fax

Thus the £low rate between sub-mills is directly pro-

AR I o

i portionuai to the difference in the mass charge of the

sub-mills, providaed the sub-mills are approximately half

full.
tension of the discrete

T s Lol 5 T o T A e

Appundix 2 considers the @X
pumboyr of sub-mills.

Ghesorg s

sub-mille concept to an inkinite

. b 4o ig fel hat due
From the work done in this Appendix, it 18 felt tha

¢ inclusion of & con-

<bse o

te the nature of thu mathenatics th
. . ., simulators
tinuously distributed model Anto C.8. M P. 83 £
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* 1

would be extremely difficult.
i

In additien to this, wWork done by Herbst, Mika and

‘ (19)

Rajamani indicates that the errors involved in using

& lumped parameter model, as opposed to a distributed

paranmeler model, for a mill avre very small,

4.4.5 Simulations with Pebble Mill Power Models-

The non-linear Blyvooruitzicht simulutor wWas programmed

to incorporate I difleprent pebble mill power models con-

trolled LY "Digicon", The first simulation dinvolved

splittlng the mill into 3§ sub-mills, while the final two

simulations involved splitting the mill into 5 and 15

sub-mills respaectively.

To illustrate the procedure adopted for modelling the

powgr in these simviations, consider the 5 sub-mills

siruiator. (See Listing 3 Lor a progral listing).

The overall power of each pebble mill, to which the

is obtained by summing the power of

.

“Digicon" responds,

eack of the § sub-mills.
The equation used TO obtain the power of each of the

4 in section 4,442, narely:

sub-mills is the gquation give

P m C(BD)(Sin(liﬁ)}S(Sinm)

whery:
P = poter drawn bY ench sub-mill
BD = bulk density of material in each b =mill

C = a constant

gpecibic mill gilling of each sub-mill

material in each sub-mill.
to bhe a congtant an £iis
‘102;2)1 ‘ |

gngle of repoue of
Sinme has been takeu
inveptigataon. (See guctaon <.

o«
oy
i3
2
H
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yyom the preceding equation, it is clear that it i
g tt it i3

necessary tO know the pebble mass charge of each of the

Submmills. In ovder to get a dynamic measure of the con
1-‘
< ey \ 12 * »
tents of coch of the sub-mills, equations representing

i ange of mass With res ‘o ti - ,
the change ass WLth regpect to time in each of the

gub-mills werd used. These eguations were then iunte-
grated with regpect to time to get total pebble mass in

each of the sub~mills.

«

The form of these equations is gaven below:
MMCH = MEBED - MLOSS - MOUT

where

MMCH = mass change of pabules in cach of the sub-mills
during the last integration interval (tons)

MFEED = input of pabbles to cach ol the sub-mills during
the last integration period {tons)

MLOSS = lows of pebbles due to grinding from each of the
sub-mills during the last integration period (tons)
MOUT = Plow of pebbles Prom gach of the svb-mills to the
next subemill during the last integration period
{tony); clearly the MOUT value For the second’
sub-mill must equal the MEERD value for the third
sub-mill, etc., and the MFEED value for the first
sub-mill must equal the overall pebble feed of
the entire mill,
MLOSS Pfor wach ol the sub-mills ds calculated by means
of the Stanley ecguation described in section 4,4.3.1. In
of § s-o-mills, the equation used is:

0.71

the pase
MLOSS = (7/5)((100/5)/MM)

whepo:
oh sub=mill (tons)

¢loped in sec-

NM = masy of pebbles in en

MIHEED is decermined DY the equation dev

tion 4,4.4.,1, namaly:

MEBED = 2z (Mp - Mg)
en sub-mills ig directly proportional to

¥

l.e. the f{low betwe
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E « }'[)f,‘ i
pebble mauss dilference between sub-millsg

g - RN Ny B ) t

i

the

The results of these simulations can be sumMarisydiin
Fige 9« From the figure 1t is clear that the Pollowing
ghjectivesy which was @utlzned i osection 4,401, has been
achieved, namely: LRe power curve ig a-symrstric about
power peaky and the powsr peak is Jifferent depending on

whether the mitl is coming out of an overloaded or undep-

joaded state.

ip agdition to this, the folluwing can be observed:

{1} No delay is detectable between a change of feed
gtate and an increase In power,

(2} The pow2r gurlves in the 5 and 15 sub-mills sivm~
jations are remaprkavly similar, while the power
curve for the 3 suv-mills simulation is signifi-
gantly difPerent. OClearly the 15 sub-mills
simulation is the closest to reality. The 5

sub-milly model, howWever, would appeur to repre-

sent an excellent compromise between accuracy
and complexity. (The progran for the 15 sub-
mills cnse takes upproximately twice Qs long

to pun ns the propram for ¢he § sub-mills case).

4.4.5,) The Incorporation of Noise

R L T

For a peglistic test of the will powar model (incovpora~
ting 5 subemills), it is necessary tO corrupt the power
signal with noise and to look at cpe response of ﬁhe

"Digicon® to this nodsy power signal. This noige occurs
circuit.

88 & pesult of random disturbances if the

The ncise ndded a1y of the Pollowing form:

aN(t) = rN(t)dt + Gauss/ﬂ’dt.
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1
H

qhich is the equation describing

Gauss is @ Gaussianly distributed random numbep Thi
L4 ¥

4

-ne discrete case LECR G §
In t : (necessary forp computer simula-

tion), the noise has bewn genevrated in the following
fashion:

Nt +at) = N{E) - eR(L)at + Guuss/VqE

shere Gauss is 2 C.8.M.P. gencrated random number having
a Gpussian distributaron. Tnis distribution has been
chosen to have zero mean and a standard deviation of 0.5,

The power spectrum of the coloured Gaussian noise is:

N
I R
P+ W

while its variance is given by

iU
gr
Values of =, uand r, which gencrated noise similar to
noise Pound in practice, were used. This noise was iatro-
"

duced and simulations wWore run (using the 2 and l0-minute

filters)., Spurious switching of the "Digicon" wWas ob-

served and the mill either choked up or ran empty. Noise

of a4 lower level was thun introduced and the simulations

wWere repeated, The pesulis can be best gummarised in Fig.

10. From thiw figure it can bo seen that for the 10-
minute filter, a deluy of avpvﬁximﬁtely 10 minutes existe
betweon chpuge of feed state and power rise, and that [or
4 Q-minute Piltesr a delay of upproximately 2 minutes

. . ) i wctice, and
exists, These delays have been obgurved an pract ’

e ¢ Y jrd v * the
Ch Y are (:uusl‘:ﬁd Purp:y by the av ’1‘:.1[.Il-nt’ pet iod Of

bi lter i - the fresh
. Qnd not po I,Ht(:'d £ 0 t'hq‘.\ tlmu 1,‘,‘11(.9“ fox‘

he N his is
Pebbie feed to propagate alona the mill. This
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corroborated by the fact that when the Lilter was elimi

pnated [rom the simulations no delay existed,
In addition to this, Fig., 10 shows quite clearly the
deterioration ol perlormance of the "Digicoun" under nois&
conditions as a function of Pilter time constant. Note
that in the case ol the 2-minute Pilter the power drops
signilicantly lower than in the case of the 10-minute
pilter. The reason T'or thiy is that wmore noise can get
¢hrough the Z-minute falrer than throupgh the lO-minute
filter, resulting in the "Digicon" locking on to spurious
noige peaks wnd thereby delaying switching when the power
Pells. This observation is in agreement with the fact

that, in practice, the "Pigicon", has worked best when the

10-minute Pilter huau b2en selected,

4.4.6 A Review of thu Dybble Mill Power Model

o

in section 4.4.1 the power characteristics of a pebble

mill under "Digicon" contrul have bueen described, Sections

d.4.2 to 4.4.5 have described the development and testing

of a model to reflect these chauractueristics on the Bily-

vooruitzicht circuit, The model appears to be very rea-

listic since it reflecty the power characteristics Found

in practice and the spurious switching of the "Digicon”
in the presence of nodse.

In gddition to this, the model has advanced an expla-
nation Por the time delay present hetween the change of
pebble Poud stale and an increase in the apparent power

: Lss : monstrated
drawn by the pebble mill. It has also buen de
' . .o five sections
that the gplitting of the pubble mill into five
| for the

e F “ ¥ . 4 )."OQ.vam
does not regult in an unwieldy gimulation P
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plyvooruitzicht circuit, (Sce Listing 3) Thus it id
« o Mhus it woulg

appear that there is justification Pop using the 5 gub
: N : 4 S~

wills power model us opposed to the single mill power
model in a "emall milling circuit. As 4 result of the
good correlation between the mill powep model and prac-
gice, it ds felt that this model could be used as the
pasis for the design of more advanced pobble feed con-
trollers.

4,5 The Upe ¢l the lebble Mill Power Model 3in a "Lapge"
Milling Circuit ' ‘

‘ In section 4.4 an advanced power model (dncovporating &
sub-mills ) has been developed, and it has becer decided
: that in the case of a Mumall" milling circuit the extra

computer effort is justilfied in terms of the superior

definition which this model provides. It is now appro-
priate to counsider whuther this conclusion iolds Cor a

"lgege" milling cirvcudlt,

; 4,6,1 8Simulations of a "lurge' Miljipg Circuit with the
! Pabbly MiJl i uwer Medal

Simulatigny were run wherein pebble mill power medels

Were includwdkmn the Buffelslfontein gimulator. In the

Pirst instance, the power moudel used Was the single mill

| Model, while, in the sevcond instance, the § sub-mills

Wpigicon' power control

model was wsed., In both casus

. : . m for
Was uged., lListing 4 pives a 1isting of the prograd

; . i P
while Listing § guves a listing ©

% the firgt simulation,
| Fig. 11 compares a

the program for the second simulataon.

i . gize and
Portion of one cycle of the gimulated product 632

: . s 6 mill
Cireulating load, resulting prom the single
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gimulation, With a portion of one cycle of the simulated
at

product size and circulating load resulting from the 5
;ub-mills simulation,

Fprom this comparison it is seen that the overall
shape of the curves ig similar while gmall dilfferences in
getail do exist. Thoe mugnitude of the variation is of
the same order an Loth cases.

Bearding in mind the enormous complexity of the 5 sub-
mills simulation (50 state varvables are required) as op-
posed to thu relative simplicity of the single mill simu-
1ation {32 state variableg are reguired), it is faie to
conclude that the uxtra computer effort required by the 5
sub-mills model cun only Le justified in a simulation of

a "large" milling circuit requiring a very hagh degree ol

definition.

4.6 Bummarpising Remurkn

This chapter has dealt With certain aspects of the model-

ling describad in Chapters 2 and 3 with the intention of

determining what minamum level of complexity is required

in the modelling to eusure that the resultant simulators

have enough definition and accuracy to be able to yield

& better undervstanding of milling circults.
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CHAPTER &

muE  VALIDITY CE THE SINULATOXS

e im—————~

5,1 ggpurnl
After simulators bhave been built, it is necessary to
check the outputs of these sinulators against the outputs
of the real-life systems Wwhich the simulators are model-
ling. This dis done by a process of teosts in which added
confidence in the simulaters de guined as each stage in
the testing is passed. Uitimately one hopes to be able
to express conladence in the simuylators that they will .
relflect reality within the error bouands to which the

%

simulators wWere originally built. .

5.2 The Validity nt the Biyvooruitzicht Simulator

Tests done by Hxnda(s) have indicated that there exists
a strong degree of correlation between the simulated dy-
namic responge of the Biyvooruitzicht cireuit to a step
change in its rod feed (Fig. 3) and to a step change in

its water addition (Fig. %), and the actual dynawic re-

sponse of the circuit to these steps. This ha’ contribu-

ted to a degrow of conlidance in the samulator sulfficlent

to Warrant the use ol the simulator Lor the development

of improved control strategles por the circuit.

5.3 The Validity of the Bulffelslontedn Simulator

§.3.1 Level ol Accuracy intsndod

' ; ~ sloped din
The Buffelsfontein simulator which has been develol

intended to model the

thiv diggertation was primurily

.
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overall trends Which exist in the BuPfelsfontein ojn, 5
: circuit g

tinpg under dynamice conditi
pperatini ditious, It was :
' of secondary

importance to model the circuit in gyel
outputs ol the gimulator would agrec GXactly with tb

‘ : - he ac-
tual outpuls ol the voeal-~lile system,

5,3.4 Fagrove dunbtlucncinp the Accuracy of the Simulatop

One of thu major factors inlluencing the accuracy of the
gimulutor was the fact that the moduls describing the
civeuit were arrived at largely through simulation, This
wag necessavy because opportunitivs to do modelling tests
on the Buffelsfontvin cirguit were limited,

Otaer Puctors influuncing the accuracy of the simy-

4

lator are: .

(1} The fact that the accuracy of all the measure-
ments taken on, and used dn the development of
the gimulstor, are Jimited by the accuracy of
the messurvment technigque used, As examples of

this, the magnetic Flow meter and the particle

gize monitor are bLoth compleX instruments that

are subject to cnlibration problems.

() The Ffaet that the milling ciprcuit in peneral is

a system which is subject to random fluctua-

tions, ‘lnis could result in the average value

Por a certain measured parameter O be different

from, susy, onyg one-hour period to anothexr.

5.5.5 Analysis of the Qutputs of tho SIMULuZel

State Simulator

513,31 Qutputs of the Stoandy

tute conditions

@

under steady

The testing of the simulator

a manner that the P




g
|

een described din Chapter 3,

b .
s and it has bheen saild |

there i8 a fgood degrae of Yy 4 .
chat gree of correlation With the actual

circuit dn pteady state,

5,9.3.8 Qutputs ol the Dynamig
Two standard Lo ts Were run to check the dynamic response
of the simwlator., The Pirst test, shown in Fig. 5, s

. ¥ 5 &

gtep in the water addition to the head tank (distributor)
h b

while the second test, shown in Fig., 6, is s step in the
peed to the rod mill,

The response of the actual circuit to these tests was
not available; however, the response of the samulator to \

thess tests can be evaluated by consadering that:

{1} The responwe ol the Bulfelsfontein simulator to
the step an rod mill Peed was simalar in form to,

the response of the Blyvooruitzicht gircuit to & ; ; ‘

gimilar step. (Compapre Fig, 6 with Fig. 3).
{2) The pesponse of the Bulfelsfontein simulator to
the step in water additvien to the head tank was

gimilae in Porm to ~he response of the Blyvoor-

whtzmicat errcuit to a simalar step. (Compare ;

[*‘ig‘ 5 wWith Flgw g)«

(3} Tho Buffelufontern gimulator's rosponse 10 the

gtep change in head tank water addition has the

the ragponse

S

gamg charactepristic 08 obhgerved in
of the Brenda Mxna(ua) and Rustenburg Platinum

Min@(gl) to wimilar steps, namely that shoy all

3 \({‘Id b‘ ‘
exhibit the inverse rousponse report y

LQQQ(QQ)'
it is felt that the

On considering the above pointe
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: -opr which has bee B
gimulator W ¢ een devoloped to modal the Buffels
216w

i

an el siprcuit can ; iy el o
fFontedin G can be ruparded as a gimulutor whieh will
* ’

ét the least, indicute the trpnd whi :
hich the Buflelsfontedin

$ g s 9 » ) .
circudt will follow when in a dynamic stato
L]

5,5.4 Future Work

As wag stated dn section §.3.1, it was not & primary in-
gention of the Buffelsfontein simulator to model the cip-
cuit in such a mununzr that simulated outputs would agree
exactiy with actual outpuns,

In futurce studies, it would e ﬁewiraﬁle to gain di-

pect sccosy Lo the ecircuit to do the following:

{1} Run dynani¢ tests on the cdecudt to compare the
gimulated outputs wilh actual outputs,

{2} Accanunt oy and rectily any diserepancies which
may oscuy between tne simulated system and the
real systvem, Tois could be Jone by running
“mad&lliﬁg" tepts on various olewents in the
ciprcuit with the aim of updating those models
whoge outputs do not match peality within small
ervor bounds,

(3) Awcount dn the simulator Por the diflorential

tpansport time ol matorial from the head tank
to each hydrocyclong.
Thus, ac a popult of whot has poon outlined above, it

¢an be sadd that thupe exiete 4 well-defined route LY

Which the present dynamic gimulator, which follows trends,

ek With € Srrors
¢an be v ¢ .y track the actual outputs With gmall err .
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¢.1 Generval Ay

The improved control of milling circuits is a subj
! ject

which, in recent years, has received a considerable
amount of nttention(gs’ 24, 2§, 20)

it is nat the intention of this dissertation to re-
comnend definite control strategics for the Buffelsfon-
tein circuit, but rather to considaer various control | e
strategies with the aim of determining whether i sroved '

4

contrei is a realistic possibility for the Buffelsfontein

s

civeuit.,

The Bulfelsfoantein simulator, incorporatiryg a single

@mill power model with "Digicon" control, has been used o
throughout this chapter ¢o investigate: | . ,

&

(1} The ability of a controller to maintain the
steady state product size when the system is

_subjected to a step.

track a set point

(2% The ability of a controller to
in product size which is finnr than the steady f ]
state product size. ;
(3) The ability of a controller O reduce variations i

in product size when the system ig subject to a

e

noisy feed input. :

3 3 " B

(4) The sdvantages (or lack ¢hereof) of "Digicon _ i
| 4 to a different i

pebble mill control as oppose

mill control strategy:
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6.2 Control Objectives

pn important aspect of grinding circuit control is the

SDﬁeCtiVe which one set. for the controlicep. Two broad

classes are outlined below:

(i) 1t is desired to increase the fineness of prind
o the product. This is consistent with an ore
where the Ciner the ground product is the
greater the yield of mineral will be.

(ii) Yt dis desired to minimise fluctuations in the
product size. This is consistent with an ore
that has a knee(é) (see Fig. 12) in its smineral
yield/produgt size characteristic, i.e. for an
ore where the mineral yield will be a constant
fur all product sizes viner than a certain size,
Tt is then desirable to keep the product size
at ﬁne knee,

Both objectives have been dealt with in this investi-

gatiOﬂ .

6.5 Control of the System when subjected to g Step

The Buffelsfontein simulator was subjected to a step change

in rod feed {1CO tons/hour to 110 tens/hour) and the con-

q v the steady state
trol objectaive was the maintenznce ol the steady sta

tional
product gize. The form of the controller wWas propor

integral Peed back from the Particle Size Monitor (P.S.M.)
to head tunk water addition. (5ee single feed back con-
trol in Pig. 15). Figs. 13 and 14 sho¥ the controlled and
Uncontpolled responses of the gystem to the step. The -
Stuady yalue of water addition T the head tank under this
n to the head

; ditio
ontrol is 220 tons/hour. (Hater ad
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the nead tank was limited to an

G6

gank under normal operating conditions is 112 tons/houp)
From these figures it is clear that, in principle, con-
tpol of the Buffelsfontein circuit under dynamic condi-
tions is possible. It must be pointed out that a study
aimed at determining the hest control strategy under

these circumstances must account for the inherent delay

petween head tank water addition and product size

6.4 FEiner Product Size Control

As outlined in section 6.2, under certain circumstances
it is desirable to increase the fineness of grind of the
product, Simulations were, thereflore, run in which & set
point in product size Pfiner than the normal product size
was specitied, In order to achieve this, three different
control strategies were used. (See Fig. 15).

1p the Pirst case, feod back from the product size to
head tank water addition wae used. In the second case,

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

tank water addition and Pecd Dack from product sizée to

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

head tank water addition, and this, in turn, Was fed back

to rod mill feed.

In all cases, the feed back was via a proportienal

integral controllsy and the water which cauld be added to

arbitrary value of 250

. " ; 1in
tons/hour. (This wWas done in order toO refluct that 1

. Whi can
Practice thepe is a limit to the amount of water ghth 2
T d 52 che con-
be added to the head tank). In the third cas, the

to the rod mill was orly

trol loop from the head tank
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activated when the water addition to the head tank h d'
: 8

guturated.

4

in the Pirst set of simulations, a product size of 75%
less than 7me was spacilied. LVigs. 10 and 17 give the
pesponses ol Lhe civcudt to the three different control-
lers.

From these [igures, it is c¢lear that the farst type of
controller cannot maintadin a product size of 75% less
than 75pm. The reason Lor this is that the water addition
to the head tank has saturated. In addition to this, it
can be seen that, With the Cirst type of controller and
with a saturaticen level of 250 tous/hour, the best product
size which one can aim [or is 73.1k less than 7§pm.

PFigs. 16 and 17 also demonstrate that it is possible
to maintain a product saze of 75% less than 785um with the
second type ol controller. In order to achieve this,

however, the rod mill feed must drop to 83.4 tons/hour

While the water addition to the hegd tank must rise to

128.7 tons/hour.

In addition to the above, Figs. 16 and 17 demoustrate

that :t is possible to maintain a product size of 75k

lzss than 7§pm With the third type of controller. In this

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

while the water addition to the hoad tank must rise to

250 toung/hour, The underlying reason which explains why

the thipd control stratuepgy can eflfect its contPOl_at 2

- | , cpptepy is
higher rod mill feed than the gecond control strategy

hgpes LhE nitrol

of controllen uges the rod

"load", whiie the third type
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nill feed as a conirol variable only whe

n no additional

water can be added to the head tank,

. In fupther scets of simulations, it was demonstrated
that product sizes Liner than 78% less than 75pm can be
achieved with the second and tiird coutrol stratugies if
one is prupared to tolerate further drops in rod mill
peed. Fig. 18 shows the rusponse of the Buﬁfelésgntein
simulator to product slze set point control of 80% less
than 7%pm iLth the second controller,

In gddition to the above gets of simrlations, a simu-
iatien was run (sve Fig. 19) wherein the Buffelsfontein
civrcuit's product wize was controlled to 76% less than
7§pm througk proportional integral fesd back from the
product size to the pump speed., This simulation demon-
gtrates that control strategives need not necessarily in-
corporaty cuntrcl over water addition to the head tank.

In conclusion, it can be said that, in principle,
fine product size control of the Buffelslontein circuit

is possible.

6.6 Control of Product Size Variunce

i . “ ¥ : : '.~i
Random variations which exiast an a milling ecircuit will

13 : 4 1 i ‘]
affect the product size, resulting in 4 randonly varying

' " ] i ] ;A -2
Product size, [Mor the roasont putlined in section 6.2,

it iy desirable to peduce these variations. In order to
test whethep product size variance could be reduced on

the Buffelsfontein circuit, noise of a similar nature to
that descpibed in Chaptur <& Wub gdded to the pod mill
u”cuncpgllcd response of the

\s
feed, Fig, 20 compaves thy
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the controlled resvonge

system to this nodsy input with

of the system to a similar input, Single feed back
a con-

crol of the same form as the control described in sectq
§ on

6.3 has been used.
> ) 3 » Y . i n o . )
As a result of these tests, it is lelt thye control
of product size variance is a realistic objective fop the

»

Buffelsfontein circuit,

6.6 Pgbble Feed Control

The Buffelsfontein simulator was used to compare the ef-
Pectiveness of "Digicon" pebble mill control with an

alternative pebble mill control strategy. The alterna-

tive centroller operates in the same way as the "Digicon",

excepting that the pebble feed is not switched between
full on and off as in the YDigicon" but raiher between a
value just above the average [eed value and a value just
below the average feed value. |

In the Buffelsfontein circuit, the "Digicon" switches
between 18 tons/hour and 9 tons/hour, while the aiterna-
tive controller switches between 10 tons/hour and 8 tons/
hour,

Simulations wepe run with the system operating in

steady state under both types of control, In order to

compare the two different controllers, three performance

indices were devised,
Firstly, the product size Was integrated to obtain a

measue of the fineness of the product. The second per-

formance index was the integral of the JdifPerence between

product size, This

aCtual product wize and steady state
of the variation of

Nas intended to serve as a measure

-




§

IARTA WrmiSerfe TOF AT ¥

s

e '

product size. The final Performance index
‘ X Was

integpated

mill power. This was dntended to Measure the toty]

' al

amount of power drawn by each mill,
Fig. 21 conirasts the product sise and circulating

load of the Bubllelslontein circuit under "Digicon" con-
trol with the product slze and Circulating load of the
Buffelsfontein circuit under the control of the alte;na—
tive controller. Fig., 22 contrasts the mill power charac-
teristics ol the "Digicon™ controller with the power
characteristics of the alternative controller,

No signilicant difference between the two different
gtrategies waw indicated by the performance indices.
(The order of difference was 0.10%) .

Simulations were then rua with the system subjected
to step chanpges an the ipputs of the system, and again
the performance andices showed no significant difference
between the two control stratepies., It can therefore be
concluded that there is no significant dafference be-
tWween the two controllers.

Bearing the asbove simulations in mind, it can be said
that facilities do exist in the Buffelsfontein simulator

for the comparison of different mill control strategles.

6.7 Congluding Remarks

This chapter hus demongtrated the feasibility of improved

; s v { inted
Control of the Huffelsfontein milling circuit. ds poin

; - :his stud
out in section 6.1, it was not the intention of this y

' : ntrollers
to recommend optimum controllers, thus the €0

. their simplicity.
Which have been used were chosen Cor thedr simp
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APPENDIY 1

COMPUTER _PROGRaM LLISTINGS

1,

2.

3

4.

531
-

Listing of non-linear Blyvooruitzicht Simulator

Listing for Bulfelslontein Simulator operating in
Steady State.

-

Listing of non-linear Blyvooruitzicht Simulator
incorporating a 5 Sub-Mills Pebble Mill Power Model.

Listiny For Buffelslontein Circuit incorporating a
Single Mill Debble Mill Power Model.

Listing Cor Bul{felsfontein Circuit incorporating a
5 Sub-Mills Pebble Mill Power Model.
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