
A COMPUTER METHOD FOR THE ON-LINE BALANCING PROBLEM. APPLI 
CATION TO A GRINDING - CLASSIFICATION CIRCUIT 

INTRODUCTION J. RAGOT - M. DAROUACH 

One of the basic problem in process analysis is 

that of calculating material balances on a single-unit 

assembly, a set of units or an entire installation. The 

balance is fundamental because satisfact ory evaluation of 

the performance index of the process under investigat ion 

depends on it. 

The problem of a material ~ alancing lies in 

calculating the most probable real magnitudes to be used 

to verify the equation of the system; this calculation is 

generally performed by using a least square adjustment. 

Following a brief description of the process 

under consideration (a grinding classification circuit) , 

the study shows the calculations to be performed in the 

case of a decentraliezed material balance equilibration. 

Thcn a practical point of view outlines some numerical 

results. 

While the method was developped and presented 

here with particular reference to a grinding circuit, it 

may equally be applied to other type of problems without 

requiring major modification. 

1 - DESCRIPTION OF THE PROCESS 

The pilot plan of the "Laboratoire d'Automatique 

et de Recherche Appliquée" at the "Centre de Recherches 

sur la Valori sa tion des Minerais" of Nancy (France) is 

composed of (Figure 1) : 

- a ball mill (4) with its feed circuit 

(conveyor-belt, happer), 

- a sump ( 8) to collect the outpu t pulp of the 

ball -mill, 
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- a pump which control the flowrate of the 

input hydrocyclone; 

- an hydrocyclone to classify the ore particles. 

The figure 1 presents these e1ements and their 

connexions; the positions of the sensor are a1so indicated 

(elect romagnetic f low-meters for water, weight-gauge for 

ore, gamma-gauge for density). 

@ 
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Figure 1 - Grinding-c1assification process. 

ln fact the points marked as 5 and 11 are not 

equiped with sensors and the measurements at these points 

are manually obta ined . 
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In t il c foregoing text Q denotes a flow, d a 

density; the subscript i refers to the " channel" i. All 

the defined variables obey to balance equations which are 

due to the conservation of the total mass and of the 

total volume for each sub-system: the ball-mill, the sump 

and the hydrocyclone. However, the measured variables 

are generally inconsistent from the material balance · 

view-point; but as we shall see in the next section the 

redundancy of the data are used to adjust them. 

2 - THE PRINCIPE OF STABILIZING A MASS-BALANCE 

* * The real value Qi, di (i ~ 1, 2, 5, 6, 9, 11, 

12) satisfy the balance equations expressed in terms of 

volumetric flow-rate and mass flow-rate. For each sub

system we have: 

ball-mi 11 

o 
(1) 

sump 

- o 
( 2) 

hydrocyclone 

.. o 
(3) 

(ln our case, d
1 

is a constant factor which 

represents the mineral density; therefore d 1 has not to 
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be ~ 5timat e d). Practice shown that meas urements Qi' di 

cr.rried ou on the process only pattially verify these 

balance equations; the rea~~n is that the measurements 

do not present an accurate picture of the real magnitudes. 

A certain number of error factors are brought 

into evidence, from which we may isolate the following: 

- random factors, 

- accidental factors, 

- systematic factors. 

ln the following sections we focus our atten

tion only on random factors and we suppose that all the 

measured variables are realizations of random variables. 

ln term of maximum probability, the best 

estimator 6. a of the real magnitudes Q*, d* is that 

which maximize the probability density of the observed 

values Q, d subject to the mass balance constraints. 

With a normal probability density and provied 

tbe variance pQi and pd i of the Q and d measurements are 

known, some classical transformations reduce this problem 

to the following: 

min ~ • .! 
2 

with 

r - 2 -1 
iEI (Qi - Qi) Pqi + t - 2 -1 

j EJ (di - di) pdi 

I • {1 , 2, 5 , 6, 9, 11, 12} 

J- {5 , 9, 11, 12} 

unter the system of constraints (1, 2, 3) written in term of the 

estimates Q, d instead of the real values Q*, d* 

The constraints (1, 2, 3) are attached to (4) by 

Lagrange multipliers À and ~ which define the new functional: 
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h . 4> (Q.' d.) + 
l l 

(5) 

L • {4 , 8 , 10} 

The conditions of first order stationnarit y for J9 are: 

-o 

+ j.J4 -o 

- -
+ J.J 4 dn- \o- J.J1o dn .. 0 <6-l) 

-o 

• O 

.. o (6-2) 

-o 

•O 

• O (7-1) 

•O 
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-1 
pd9 (dg - dg) - ~8 Q9 + ~10 Q9 = o 

- - - - -
Qs ds + Q6 - Qg dg = o 

-1 
PQ12 (Ql2 - Ql2) - ÀlO - ~10 dl2 = o 

- -
Qg - Qll - Ql2 = o 

-1 ( 
pdl2 dl2 - dl2) - ~10 Ql2 = o 

- - - - - -
Q9 dg - Qll dll - Ql2 dl2 = o 

ln practice an analytical solution is not 

possible to express on account of the strong linking 

between th ese 17 equations. Classical methods can be 

(7-2) 

(8-l) 

(8-2) 

used to solve them such as gradient or Newton algorithms, 

linearisation. Our purpose here is to reduce the apparent 

complexity of the system (6, 7, 8) by partitionning the 

Jb criterion into sub-criterions ~. each of them being 
1 

easier to optimize than The algorithm is then a 

decentralized one which use basic principles of decomposi

tion and coordination. 

The partitionning is done through a physical 

approach; the process can be naturally divided into three 

syb-systems: ball-mill, sump, hydrocyclone. These sub-

systems and their connexions are summarized at figure 2 . 

By using the concept of decomposition -

coordination the mass-balancing is first loca ly realised 

on each sub-system; then to take into account the linking 

between the sub-systems, a coordination parameter is 

adjust to transfer the local solution to the slobal solution. 
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Let us now illustrate this general princip~e on 

our problem. 
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Figure 2 - Decomposition of the process. 

Is X is the agregate vector of Q, d, Ã, 

equations (6, 7, 8) can be written as: 

X = F (X) 

The foregoing equation shown that X is the 

fixed point of the F application; to obtain the X solu

tion we suggest to apply a sequential - parallel procedure 

(Jacobi-Gauss) which is divided in: 

-A parallel algorithm: equations (6, 7, 8) 

are partionning into three subset as 

previously defined. 
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- a sequentia1 a1gorithm; for cach preceeding 

subset the variab1es Q and d are sequentia lly 

obtained with a two-steps rel axation ca1culus. 

Sub-system 1: Ba11-mi11. 

Assume that À8 , À10 , ~ 8 , ~ 10 are given numbers 

chosen by the coordination leve1; thus equation (6) can 

be so1ved in term of Q
1

, Q
2

, Q
5 , Q

11
, d

5
, d

11
, À

4
, ~ 4 . 

Sub-systern l-1 : Ba11-rni11 f1ow-rate 

-
Assume that d

1 
are given numbers, then from 

equation (6-1) we found Qi' i e 1
4 

c {1, 2 , 5, 11} 

Q1 ~ Q1 - PQl À4/dl 

Q2 
- À 
Q2 - Pq2 4 

(10-1) 

Qs ~ Qs + Pqs À4 

Qll Qu + Pu À 4 

with 

- - - - 2 
x4 = (Q1/d1 + Q2+Qu-Os)/(pQ1/dl + pQ2+rqs+pQl~ 

Q ,. Q1 - Pql ~4 l. 

Q2 ~ Q2 - Pq2 1J4 

Os ~ Os - PQs (Às + ds <~a - ~4> 

011 a 011 - PQll (-ÀlO + dll (IJ4 - ~10) 
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Sub-system 1-2: Ba11-mill density. 

Assuming that the Qi are given the solution of 

equatio n (6-2) is expressed dj, j e: J 4 • {5, 11} 

( 11-1) 

(11-2) 

-
dll dll + Pdll \J10 Qll 

To sum up , the resolving algorithm for this 

first sub-system is written as: 

y k+l • G (X k+1) 

where X and y are respectively the f1ow-rate and density 

vectors and where k denotes the k + 1 iteration. This 

two-step re1axed algorithm is well converging in our case 

because the F and G applications are contractant . 

Sub-system 2: Sump 

Sub-system 3: Hydrocyclone 

For the two sub-systems, a similar two-step 
- -relaxation algorithm is used to estimated the Q, d 

variables. 
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3 - EXPERIMENTAL RESULTS 

The relaxed balancing equilibration havc been 

programmed and entered as a real time task on a process 

computer connected through the sensors at the grinding

classification process . 

As we have prev i ously said, this program run 

only under steady state conditions for the process: 

thereby on line tests are undertaken on the circuit 

to determine the time period in which the variables are 

static. This point has been solved by using statistic 

testa, but their presentation is outside the presenta 

purpose. 

The whole procedure of data equilibration is 

resumed in figure 3. 

The first level performs the collect of data 

while the second level rejects the undoubtelly untrue 

data. An eventual third leved filters the data in order 

to give rnean value. 

The fo urth level improves the robustness of the 

data; this is done locally for each sub-system by evalua

ting the residuals of the mass and volumetric balance 

equations; in case of srnall residual the procedure stops 

here. 

The fifth and sixth levels are connected to the 

decentralized and relaxed balancing problem. 

An eventual eighth level gives the possibility 

to take into account the rnass-balance equilibration for 

each size of parti cles . 

A typical result appears on figure 4 for the 

measurernents and on figure 5 for the adjusted data. 
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CONCLUSION 

An app lication of the decentralized calcu1ation 

has been presented to a balance equilibration problem, 

based on noisy measurements of the system variables. The 

a1gorithm proposed takes into account standard informa

tions collected on a grinding classification circuit : 

vo1umetric f1ow-rate, mass f1ow-rate, density. 

Severa1 extensions of the method are current1y 

being set-up in view of simultaneous1y taking into account 

the effect of random errors and the effect of systematic 

errors such as sensor breakdown. 

REFERENCE 

J. RAGOT, M. AUBRUN - App1ication de la relaxation ã 1 1 

équilibrage des flux de matiere des 

systemes de grandes dimensions. 

Journées de 1'0ptimisation, 13-14 

Mai 1982, Montréal, Canada. 

M. ROESCH, J. RAGOT- Va1idation de mesures par fi1trage 

et équilibrage de bilan. MEC0'82 

IASTED Symposium, 1-3 September 

1982, Tunis, Tunisie. 

J. RAGOT, M. AUBRUN, 

M. DAROUACH - Equilibrage de bi1an-matiere, 

méthodes et exemp1es minéra1urgiques. 

IASTED Symposium, 2-5 Mars 1982, 

Davos, Suisse. 

1109 



Sheon 

Sensor 

Local 
coherence 

test 

Mean 
filter 

Global 
coherence 

test 

2 

Coordination 

Flow 
est imation 

Densty 
estimation 

01,; e 1 .. 

11 5 

Às 
Qi , i €la 

dj,j€Ja 

6 9 12 

Figure 3 - Hierarchical mass-balance equilibration 
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FIG. 5 - ESTI MATIONS 
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