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57 ABSTRACT 

A control system and method are disclosed for con 
trolling the operation of a ball mill grinder device op 
erative in conjunction with a spiral ore particle size 
classifier operative in a closed circuit arrangement. 
The sum of the new ore material feed rate and the re 
cycled ore material feed rate of the ball mill is regu 
lated to be substantially equal to the desired maximum 
material flow rate capacity of the ball mill. The de 
sired control of the ball mill is determined in relation 
to the motor power consumed by the spiral classifier 
as a function of the recycle rate integrated over the 
period of screen retention time, and divided by that 
time, to provide the effective mean value of the recy 
cle rate. The instantaneous value of the recycle rate, 
for each determined iteration time, is stored in a mem 
ory table and referenced in relation to the material re 
tention time of the spiral classifier to establish the 
present recycle rate going back to the ball mill from 
the spiral classifier. 

17 Claims, 6 Drawing Figures 
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CONTROL SYSTEM AND METHOD FOR BALL 
MILL AND SPIRAL CLASSIFIER IN CLOSED 

CIRCUIT 

BACKGROUND OF THE INVENTION 
For the control of a grinding circuit including a spiral 

classifier apparatus, similar control problems are of 
concern with a ball mill grinding circuit including cy 
clones in the normal circuit. Each of these grinding cir 
cuits can be suitably controlled by regulating the sum 
of the new material feed rate and the recycle material 
feed rate, so that this sum is controlled to be substan 
tially equal to the determined maximum material flow 
rate capacity of the ball mill itself. In this way, if the ore 
material hardness changes, or the ore material feed size 
distribution changes, these changes are reflected in the 
material recycle rate from the cyclone classifier and 
can be used to adjust the new material feed rate to 
maintain this sum substantially constant. 

In the control of a cyclone ore particle size classifier, 
there is an almost instantaneous response between the 
ore material passing from the ball mill and into the cy 
clone classifier and then reporting to the underflow of 
the cyclone, but in the case of the spiral particle size 
classifier a time lag is present between the ground ore 
material leaving the ball mill discharge and reporting to 
the inlet of the spiral classifier and then being carried 
up the spiral classifier and recycled, in relation to over 
size particles before this same material is recycled back 
to the ball mill inlet. This time delay means that in 
order to control the sum of the new ore material feed 
rate and the ore material recycle rate to be substan 
tially constant, the control program must receive data 
taken from the operation of the spiral classifier and 
delay the consideration of this data in time until the re 
cycled ore material is coming back into the ball mill or 
the signal used for that recycled ore material coming 
back into the ball mill truly reflects the present amount 
of the recycled ore material that is being returned to 
the ball mill. There is a further problem in that with a 
spiral particle size classifier, a screw device is used to 
move the ore material sands up an inclined trough con 
tainer. The previous practice in some ball mill circuits 
has been to use the power drawn by the motor opera 
tive with this screw device as a measure of the amount 
of ore material sands being processed through the spi 
ral classifier. This reflects the total amount of sands 
along the whole length of the classifier screw but the 
sands which are at the top of the classifier entered a re 
tention time of 4 minutes earlier, assuming that 4 min 
utes is a typical retention time in the operation of a spi 
ral classifier. Thusly, the sum total of the ore material 
load is thereby known, but the distribution of the ore 
material along the length of the spiral screw can vary, 
such that a substantial amount of ore material may be 
entering the spiral classifier at the present time but a 
lesser amount may have entered the classifier at some 
earlier time period and be recycled to the ball mill at 
the present time. It is known that most of the ore mate 
rial particle size classification function occurs within 
the first spiral of the screw member, since the water is 
introduced into the first spiral portion of the classifier 
device. Therefore, the determination of the recycle 
rate R can be reasonably established in relation to the 
operation of this first spiral portion, and the power dif 
ference load on the classifier motor due to the ore ma 
terial sands carried by the screw member can be deter 
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2 
mined by the sum or integration of all the recycled ore 
material units carried by the respective spirals of the 
screw member. For example, if the screw member has 
sixteen spirals and the retention time is four minutes, 
then a recycle rate calculation every one-quarter min 
ute will provide the respective ore material units car 
ried by the spirals of the screw member and the sum of 
these units will indicate the total ore material load on 
the classifier motor. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

A related patent application Ser. No. 241,946 was 
filed Apr. 7, 1972 entitled “Control System And 
Method For A Reversed Ball Mill Grinding Circuit," by 
the same inventor and assigned to the same assignee. 
SUMMARY OF THE PRESENT INVENTION 
A general purpose digital computer control system is 

programmed for the desired control of a spiral classifier 
operating in conjunction with a ball mill grinder device 
in accordance with a determined control algorithm re 
lationship between the classifier motor power P and the 
ore material recycle rate R from the classifier to the 
ball mill inlet under steady state conditions, as repre 
sented by the following control algorithm: 

P = K. -- (1/K) (R) 
(1) 

where 
P is the power drawn by the loaded spiral classifier 
motor, 

K is a predetermined constant related to the power 
drawn by the spiral classifier motor when no load 
of ore material is present within the spiral classifier, 

K is a calibration factor to convert tons per hour into 
power, 

Rn is a steady state value of ore material recycle rate 
over a typical retention time T. 

Under changing conditions of operation of the ball 
mill grinder device circuit including a spiral classifier, 
this control algorithm converts to the following rela 
tionship: 

1 Pl-K-- R.dt (2) 

where: 
P is the power consumed by the spiral classifier and 

is determined in relation to the recycle rate inte 
grated over the period of screen retention time T 
and divided by that time T to give the effective 
mean value of the recycle rate Rn. The assumption 
is made that the power consumed by the spiral clas 
sifier motor is a linear function of the weight of the 
ore material being drawn up the screw regardless 
of how this total ore material weight is distributed 
along the length of the screw. 

K represents the power drawn by the spiral classifier 
when there is no ore material load on the screw. 

The digital computer control program is operative to 
infer R from P, with K and K having been established 
previously by actual experiment with the ball mill 
grinder device operating in conjunction with the spiral 
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classifier. If the instantaneous value of R can be known 
for any point in time t, then the present recycle rate RN 
can be found by referring to a memory data storage 
table containing values of the recycle rate Rfor each of 
predetermined iteration periods and vectoring down 
that data storage table to the value Ry inserted t min 
utes earlier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In FIG. 1 there is provided a block diagram of a ball 
mill grinder device operative with a spiral classifier. 

In FIG. 2 there is schematically shown a digital com 
puter process controller operative in accordance with 
the teachings of the present invention for controlling 
the operation of a motor operative such that the supply 
of new ore material is regulated in accordance with the 
recycle rate of oversize particle material from the spiral 
classifier such that the ball mill grinder device is oper 
ated at its desired maximum flow rate capacity. 

In FIG. 3 there is provided a curve chart to illustrate 
a step change in recycle rate with the resulting varia 
tion of the classifier motor power and a ramped change 
in recycle rate with the resulting variation of classifier 
motor power. 

in FIG. 4 there is provided an illustration of the mem 
ory data storage table maintained in conjunction with 
the iterative sampling of the actual ore material passing 
through the spiral classifier such that a determination 
of the amount of recycled ore passing back to the ball 
mill grinder device can be provided for the desired con 
trol of the ball mill grinder device in accordance with 
the teachings of the present invention. 

In FIG. 5 there is provided an analog control system 
arrangement for a ball mill grinder device in accor 
dance with the teachings of the present invention. 

In FIG. 6 there is shown a transfer function block dia 
gram to illustrate the teachings of the present inven 
tion. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The control of a ball mill grinder device circuit in 
cluding a spiral particle size classifier can be provided 
in accordance with an established relationship between 
the spiral classifier motor power P and the ore material 
recycle rate R from the classifier to the inlet of the ball 
mill, which under steady state conditions is represented 
by the above control algorithm equation (1): 

(i) 

Under changing conditions this process control algo 
rithm converts to the equation (2): 

1. 
Pl=K+k J. R.dt (2) 

which establishes the power consumed by the spiral 
classifier at time t as the sum of the power required by 
the spiral classifier with no load of ore material passing 
through the classifier and the integral of the recycle 
rate over a period of screen retention time T divided by 
that time to give the effective mean value of the recycle 
rate Rn, 
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4. 
From the above control algorithm equation (1) the 

change in classifier load can be deduced from the fol 
lowing relationship: 

AR - R - R = K, (P - P.) 
(3) 

where the subscripts represent the entries in a memory 
storage data table N items long for an iteration interval 
AT, and where the quantity (NAT) equals T. By rear 
ranging the above equation (3), the following relation 
ship can be obtained: 

R - K (p - P) - RN 
(4) 

However, due to the possibility of accumulative errors, 
it is not desirable to rely upon equation (4) alone. The 
control algorithm must also reflect the factors of equa 
tion (2) so far as the present value of P is concerned. 
A ratio 3 of the present value of R, computed from 
above equation (1) to the sum of R through RN can 
now be found such that equation (5) provides: 

where all of the stored values of R are now multiplied 
by 6 so as to bring the table into correspondence with 
the present spiral classifier motor load. 
The general purpose digital computer system control 

program instruction listing provided in Appendix A sets 
forth (a) the initialization of the control algorithm op 
eration to set up the ore material recycle rate numbers 
in the memory storage table and (b) the control algo 
rithm manipulation of data in the memory storage ta 
ble. The actual application program instruction listing 
for real time control of a ball mill grinding circuit in 
cluding a spiral particle size classifier by a general pur 
pose digital computer system, would include the addi 
tional functions such as data input and output programs 
and the like as well known to persons skilled in this art. 

In lines 100-210 of the program listing, there is set 
up the actual load being fed to the classifier inlet 
at one-fourth minute intervals. Thus, between sub 
scripts 1 and 20, the load is constant at 200 T/H; 
a step change occurs at subscript 2 to a load of 
210 T/H which is held constant through subscript 
40; followed by a ramped rise, etc. The effect of 
noise is simulated by the function DNORMl(0) in 
lines 120 and 210. 

In lines 220-260of the program listing, the program 
computes classifier power in accordance with 
equation (2) above. In this example, it has been as 
sumed that K F 0.0 and K = 0.05. 

In line 310 there is computed R in accordance with 
equation (4). 

In line 340 there is reflected equation (5). 
In Linc 350 there is multiplied previous values of R 

by 6. 
The typical memory storage data table provided in 

Appendix B illustrates an operation of a ball mill 
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grinder device. Initially, data entry lines 1 through 20 
correspond to a constant 200 tons/hour desired maxi 
mum material flow rate capacity for the ball mill, with 
the calculated power consumed by the spiral classifier 
motor being included in the first column. The second 
column is the actual ore material feed-in to the ball mill 
device from the new ore material supply. The third col 
umn is the computed feed-in which represents the 
product of the correction factor 6 times the actual 
feed-in. The fourth column represents the recycle rate 
R from the spiral classifier to the ball mill device, such 
that 16 iteration periods are provided between the data 
entry in the third computed feed-in column as com 
pared to the fourth “recycle rate to the ball mill' col 
umn. In the print out there is shown the correspon 
dence between actual and computed values and also 
how the numbers would be picked off the map so that 
the present recycle to the mill can be estimated from 
the feed rate 4 minutes and 16 program iterations ear 
lier. 

In accordance with the teachings of the present in 
vention, an interpretation of the spiral classifier motor 
power provides a meaningful estimate to determine the 
ore material being recycled to the ball mill grinder de 
vice at the present time, even though this ore material 
entered the spiral classifier a typical retention time T of 
4 minutes earlier. For this purpose, an integration is 
made of the amount of ore material entering during 
each iteration period within the retention time of 4 
minutes, and the power drawn by the spiral classifier is 
related to that integrated amount. This integration of 
the ore material loading would be the same as though 
the mean ore material load for each iteration time pe 
riod had been present during the whole of the 4-minute 
retention time T. There is an attenuation effect, even 
though there may be a step change in the material recy 
cle rate from the classifier to the ball mill as shown by 
curve A in FIG. 3, between the mill recycle rate and the 
classifier motor power. If the amount of recycled ore 
material can be determined, there is no problem in ef 
fecting the desired control of the ball mill grinder de 
vice operation. The constraint for the operation of the 
spiral classifier is on the motor load. 
The above equation (1) represents the desired con 

trol relationship to be provided between the motor 
power drawn by the spiral classifier motor and the ef 
fective mean recycle rate Rin, where K is the power 
drawn with no material sands moving up the spiral of 
the classifier and Rn is the constant or steady state 
value of the material recycle rate back to the ball mill 
over a retention time Tsuch as 4 minutes. K1 is a cali 
bration factor to convert tons/hour into power, such 
that 1/K is the provided gain on the control system. 
The retention time T is a variable and in a practical ap 
plication would be determined in relation to the actual 
rotation of the classifier spiral which may be 2/2 revo 
lutions per minute and in relation to the number of spi 
rals along the length of the classfier to establish the ac 
tual retention time of a given unit portion of ore 
material passing through the classifier. An ideal data 
iteration interval would be one rotation of the classi fier spiral, because then the motor power over one 
revolution would integrate out to give the mean 
power per cycle of the classifier spiral. 
The memory data storage table provides typically 16 

pieces of data for each retention time T. Thusly, P is the 
mean power over one revolution of the spiral and if the 
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6 
recycle rate is changing, the equation (2) relationship 
applies where the power at time t is equal to K, + 1/K 
times the integral of R between t and t-T, which repre 
sents the integral over the last N iterations of the recy 
cle rate with respect to time. In this way, R is inferred 
from P, with p being measured with a hall effect am 
plifier or some other suitable well-known kilowatt 
transducer. The constant K is measured experi 
mentally when the spiral classifier is operating with 
no ore material load. 
The memory data table shown in Appendix B in 

cludes Niterations where N is chosen as 16. The values 
of P in column 1 are converted to recycle rate R as 
shown in column 2 through the use of above equation 
(2). The column 3 corrected data is determined by mul 
tiplying the data in column 2 by the calculated conver 
sion factor (3 as shown in above equation (5). The data 
shown in column 4 is the recycle rate to the ball mill, 
vectored down for the provided 16 iterations during a 
typical retention time Tsuch that the column 4 indica 
tion is the ore material recycle rate leaving the spiral 
classifier and returning to the inlet of the ball mill 
grinding device. 
The power at any time is utilized to establish the re 

cycle rate R by the above equation (2) in relation to the 
integration of the recycle rate over the previous 4 
minute retention time including 16 iterations of data. 
It should be understood that it is not critical how, the 
ore material is distributed physically along the length of 
the spiral classifier, such that a larger amount of ore 
material can be present in the middle and smaller por 
tions of ore material at the ends of the spiral classifier. 
The integration of this ore material will remain the 
same regardless of the ore material distribution. 
Thusly, between any two iterations, the difference in 
the ore material recycle rate between what is coming 
into the classifier R and what is leaving the spiral classi 
fier and going to the ball mill R can be determined 
from above equation (4) in relation to the change in 
power (P - P.) times a constant K. The latter rela 
tionship reflects the change in the recycle rate between 
what is coming in and what is going out of the spiral 
classifier. Thusly, in equation (4) there is set forth the 
recycle rate R of ore material now going back into the 
ball mill grinding device, in relation to K times the dif 
ference in power (p - P2) plus what ore material is 
now entering the spiral classifier device Ry. The rela 
tionship of above equation (4) is rather sensitive in ac 
tual control operation, in that the quantity (P - P.) 
can be a rather small number and there is a likelihood 
of error in the resulting control operation using above 
equation (4). Thusly, the correction factor (3 as deter 
mined in equation (5) in relation to the quantity K 
times the present value of power P. minus the no load 
constant K to represent the mean effective recycle rate 
now as the integration over all that was previously de 
termined and divided by the summation of all the recy 
cle rate values stored in the data table and shown in 
column two of Appendix B. If the correction factor (3 
is now multiplied times the data values in the column 
two, the computed recycle ore material Rn is deter 
mined as a function of the current total power as a 
technique for correcting past errors. Thusly, B is the 
ratio of the present mean effect of recycle rate divided 
by the sum of the assumed recycle rates for the previ 
ous 16 iterations as determined by above equation (4). 
R is the recycle rate at location 1 in the data table, 
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with the data table having 16 data storage locations. 
Thusly, there is placed in column two of the above illus 
trated Appendix B data table at location 1 the data for 
R, which is the estimated recycle rate at the present 
time calculated according to above equation (4). There 
is already stored in column two the previous iteration 
data at table locations 2 through 16, with the data R2 
corresponding to the recycle rate one iteration earlier 
and calculated according to equation (4). While the 
data for recycle rate R16 stored in table location 6 was 
the recycle rate 16 iterations earlier, it should be real 
ized that it has been multiplied successively by 6 for 
each iteration or for 16 recycle rate calculation occur 
rences. Thusly, every time a new data value for recycle 
rate is place in table location 1, there is a consideration 
of all the data in the other 15 table data storage loca 
tions, which perhaps do not equal Rn calculated ac 
cording to equation (1) when they should equal Ra, 
and the correction factor (3 is utilized to modify all of 
these earlier calculated values of recycle rate as de 
sired. Thusly, when the recycle rate R is calculated at 
the present time and stored in data location 1 in col 
umn two of the storage table, which for purposes of ex 
ample can be assumed to be 150 tons an hour, when 
this value of R is modified by the correction factor (3 
it may become 15 1.5 tons an hour such that the cor 
rection factor g adapts the information in column two 
as estimated by the operation of equation (4) into the 
real time value of the material recycle rate as repre 
sented by above equation (1). Thusly, equation (4) 
provides an estimate of the material recycle rate based 
upon a change in the spiral classifier motor power, and 
the sum of all the changes over the past 16 iterations 
as calculated should be equivalent to the real time ore 
material recycle rate, to provide the desired real time 
average recycle rate. 
The desired maximum material flow rate capacity of 

the ball mill device is determined experimentally by 
running the ball mill with increasing amounts of new 
ore material supplied to the ball mill circuit until the 
ball mill chokes, and then reducing this flow rate 
slightly to allow a desired margin of operational toler 
ance. Once this desired maximum capacity is estab 
lished, it does not change and the real time variable of 
the process operation is the ore hardness changes and 
the like which are reflected in the calculated recycle 
rate to the mill. Once the iterated recycle rate of ore 
material coming back to the ball mill is established as 
set forth in column 3 of Appendix B and transposed as 
set forth in column 4, the new ore material supply is 
controlled in accordance with the sum of the iterated 
recycle rate and the new feed rate being held substan 
tially equal to the desired maximum capacity of the ball 
mill grinding device. 
The above data table shown in Appendix B illustrates 

the operation of the control of the ball mill grinding de 
vice circuit in accordance with the teachings of the 
present invention for a first new ore material supply to 
the circuit of a constant 200 tons/hour, which is then 
increased at data lines 21 through 40 as a step function 
to a constant 210 tons/hour, and at data lines 41 
through 60 this is increased at a ramp up to 220 tons/- 
hour, and for data lines 61 through 70 is held constant 
at 220 tons/hour, and then for data lines 71 through 
100 is ramped down to 205 tons/hour and for data lines 
101 through 119 is held constant at 205 tons/hour. This 
data table example is provided for the purpose of illus 
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8 
trating the control system operation of the present in 
vention. 
The ball mill grinding device control system in accor 

dance with the teachings of the present invention pre 
vents overloading of the ball mill because the recycle 
rate is not allowed to become greater than desired, 
such that the ball mill is not permitted to choke and in 
effect it permits the ball mill circuit to operate much 
closer to its desired maximum ore material throughput. 

In FIG. , there is shown a new ore material supply 
20 operative with a ball mill grinder device 10 con 
nected in circuit with a spiral particle size classifier 12, 
such that the ground ore material leaving the ball mill 
grinder device passes through a conduit to the spiral 
classifier 12 and the resulting output production mate 
rial having a particle size less than the provided cutoff 
of the spiral classifier leaves through conduit 16 as 
overflow production and the particle size material 
larger than the provided desired cutoff passes through 
conduit i8 as recycled ore material back to the ball mill 
grinder device 10. A motor 14 is operative to drive the 
spiral classifier 12, and a power sensing device 22 pro 
vides an output signal in accordance with the present 
load on the motor 4. 

In FIG. 2 the ball mill grinder device 0 is shown op 
erative with the spiral classifier 12, with a pump 3 
being provided to pump the ore material slurry leaving 
the ball mill grinder device to the spiral classifier 12. 
The output production overflow leaves through the 
conduit 16, while the oversize recycled ore material 
passes through the conduit 18 back to the inlet of the 
ball mill grinder device. The new ore material supplied 
to the ball mill circuit is determined by the operation 
of a motor 30 operative with a conveyor 32 or the like, 
with a digital computer process controller 34 sensing 
the operation of the ball mill grinder circuit in accor 
dance with the teachings of the present invention for 
determining the operation of the motor 30 through a 
suitable motor control 36 such that the sum of the recy 
cle ore material feed rate R through the conduit 8 and 
the new material feed rate W determined by the opera 
tion of the motor 30 and the conveyor 32 is controlled 
by the digital computer process controller 34 to be 
equal to the predetermined desired maximum material 
flow rate capacity of the ball mill grinder device 10. 

In FIG. 3, curve A illustrates a step change in the re 
cycled material passing from the spiral classifier to the 
ball mill grinder device, and curve B illustrates the re 
sulting change in the classifier motor load power P. 
Curve C illustrates a ramped change in the ore material 
recycle rate R from the spiral classifier to the ball mill 
grinding device and curve D illustrates the resulting 
change in the classifier motor load power P. 

In FIG. 4, there is schematically illustrated the data 
table stored in the memory of the digital computer pro 
cess controller 34, which data table corresponds to col 
umn 4 of Appendix B. As the ground ore material 
passes from the ball mill grinder device 0, it enters the 
spiral classifier 12 at the section indicated as '1' for 
the first rotation or iteration of the spiral classifier, 
after which it passes to the section 2 and then succes 
sively through the 16 physical sections of the spiral 
classifier corresponding to spirals of the screw driven 
by the motor 14 and operative to move the ore material 
through the spiral classifier 12. In the memory data 
table 35, the calculated ore material recycle rate as 
shown in column 3 of Appendix B, which is modified 
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by the correction factor 6 to adjust the estimated recy 
cle rate as shown in column 2 to the real time recycle 
rate as shown in column 3, is entered into the data table 
section 1 and is succeedingly moved through the data 
table such that the real time recycle rate in data table 
section 16 corresponds to the actual material in the spi 
ral classifier section 16 that will be recycled to the inlet 
of the ball mill grinder device during the next iteration 
period. The digital computer process controller 34 uti 
lizes this data from the memory data table 35 in con 
junction with the sensed supply of new ore material for 
the ball mill grinder device such that the sum of the 
new ore material W plus the actual recycled ore mate 
rial R to the ball mill grinder device is made equal to 
the predetermined and desired maximum flow rate ca 
pacity of the ball mill grinder device. 

In FIG.S there is shown an analog control system op 
erative with a ball mill grinder device 10 in a closed cir 
cuit arrangement with a spiral classifier 12 which spiral 
classifier is driven by motor 14. The motor power P, as 
sensed by the power sensing device 22, is related to the 
total amount of ore material supplied to the spiral clas 
sifier 12. The quantity K is related to the amount of 
power required to operate the classifier 12 when there 
is no ore material passing through the classifier 12. The 
output of the summing junction 23 indicates the differ 
ence power required for moving the load of ore mate 
rial through the classifier 12. At multiplier 24 the prod 
uct of the factor K with the difference power provides 
an indication of the amount of recycle material Ractu 
ally so moved by that difference power. The analog sig 
nal R is converted into a digital signal and entered into 
the programmed sequencer 25 operative with a clock 
27, which may include a contact switch responsive to 
revolutions of the spiral within the spiral classifier. The 
programmed sequencer 25 functions to retain the iter 
ated recycle rates for a desired retention time and then 
outputs a digital signal in accordance with the present 
ore material recycle rate from the spiral classifier 12 to 
the ball mill grinder device 10. This digital signal is con 
verted to analog and supplied to summing junction 35. 

In relation to the principal constraint on the grinding 
circuit being the ball mill grinder device throughput, 
that is, the sum of the new feed rate plus the recycle 
rate, this constraint is almost independent of mill feed 
size distribution and ore grindability and is a stabilizing 
influence if controlled substantially constant in that the 
retention time or the retention time distribution 
thereby also remains substantially constant. For the an 
alog control circuit arrangement as shown in FIG. 5, 
the quantity R is the ore material recycle rate from the 
spiral classifier to the ball mill grinder device. The 
quantity P is the classifier motor power as sensed by the 
device 22. W is the new ore material feed rate from the 
new ore supply 32 as determined by a motor control 
36. The quantity D is the desired total ball mill grinder 
device load and the quantity C is the maximum allow 
able power for the motor of the spiral classifier 12. The 
relationship of the ore material recycle rate R to the 
classifier motor power P under steady state conditions 
as shown by above control algorithm equation (l) can 
be represented by the following: 

R = K, (P - K). 
(6) 
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10 
To hold the grinding ball mill device throughput sub 
stantially constant under normal conditions, the follow 
ing relationship can be provided: 

W = D - R. 

(7) 

Should the classifier motor power P tend to exceed the 
maximum allowable motor power C, the new ore feed 
rate W should be reduced in an effort to cause the clas 
sifier motor P to assume the same value as the maxi 
mum allowable power C. Thusly, control equation (7) 
can be rewritten as follows: 

W = D - R - K (p - C) dt 
(8) 

The integral term of the above equation (8) is inhibited 
from becoming negative, so that it would be inopera 
tive as soon as the integral term had dropped to zero, 
in reference to the control circuit arrangement shown 
in FIG. 5 by the diode 26 which functions to inhibit the 
integral term from becoming negative. 
The control arrangement shown in FIG. 5 is opera 

tive in accordance with above control equation (8) to 
provide a reference value Wr for the new ore feed rate 
which is compared at summing junction 28 with the 
sensed actual value W of the new ore feed rate from 
the supply 32 to the ball mill grinder device 10. The 
junction 31 provides the difference relationship (P - 
C) and the controller 33 provides the desired integral 
quantity K, times the integral of (p - C) in relation to 
time dt. The summing junction 35 provides the quantity 
R + K. times the integral of (p - C) dt, and the sum 
ming junction 37 provides the relationship in accor 
dance with the above control equation (8). The refer 
ence value W of the new ore material feed rate for 
controlling the operation of the ball mill grinder device 
circuit including the spiral classifier is thereby pro 
vided. 

In FIG. 6 there is shown a transfer function block dia 
gram to illustrate the teachings of the present invention 
in regard to the functional relationships between the 
provided control parameters and operation and the 
controlled ore material grinding process. The block di 
agram illustrates the transfer functions which are time 
dependent and also the summing nodes or multipliers 
where the effects are not time dependent. Where the 
time variable is considered, a Laplace operator is pro 
vided. A desired set point D for the total load on the 
ball mill is compared at summing node 37 in accor 
dance with control equation (8) to provide an ore ma 
terial feed rate reference signal WR. At summing node 
28 the actual feed rate WA is compared to provide a 
feed rate error signal as the set point for a feed control 
ler 36. The latter feed controller 36 has both a gain Ka 
and a reset function represented by ITS with S being 
the Laplace operator. The gain and the reset are 
summed and the output controls the new ore supply 32 
for controlling the feed rate of the ore material going 
to the ball mill 10. The actual feed rate represented by 
WA comes back as a negative feedback. The controlled 
process includes the mill and the spiral classifier in se 
ries. The operation of the spiral classifier 12 is reflected 
in the power signal P. At summing node 23, the no load 
power K is subtracted and then multiplied by 1/K to 
transform power into a signal reflecting the instanta 
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neous recycle rate. The transfer function 25 represents 
a distance velocity, where e' is the Laplace form of 
the distance velocity lag, so the output is now related 
to the input but displaced in time, which is what this 
transfer function does. The summing node 3 is pro 
vided as an override to prevent overloading of the spi 
ral classifier motor. The motor power P is compared 
with the maximum allowable power C and should this 
resultant become positive as would happen if power be 
came excessive, the output would start reducing the 
rate of feed to limit the motor power to some maximum 
value. The summing nodes can be operational amplifi 
ers or they can just be resistors in which the voltages 
are subtracted. The distance velocity lag is provided by 
taking the analog input signals and converting them to 
a digital form and simulating the distance velocity lag 
by use of the memory storage table which is being con 
tinuously updated, and the output has to be converted 
back to analog form to be operative with the analog 
controller. Alternatively, as shown in FIG. 4, this whole 
control arrangement can be implemented digitally, as 
well known to persons skilled in this art. 

APPENDIX A 

SCREEN 04/10/72 
100 DIMENSION P(200), W(200),X(200) 
1 10 DO 1 = 1,20; W(I)=200.0 
120 W(I)=W(I)+0.01 * DNORM1(0) 
130* DNORM 1 (0) INTRODUCES “NOISE ON THE 
WEIGHT SIGNAL 
140 P(I)=W(I)120.0 
150* P(I) IS THE POWER IN KILOWATTS 
160 X(I)=P(I)*20.0 
170* STEP AND RAMP CHANGES IN INLET RE 
CYCLE RATE TO SCREEN 
80 DO 2 =21.40; 2 W(I)=210.0; DO 3 =41,60; 3 
W(I)=W (1-1)+0.5 
190 DO 4 =61,70; 4 W(I)=W(I-1)+0.0; DO 5 
I=71,100; 5 W(I)= 
200 &W (-1)-0.5; DO 6 = 0 , 30; 6 W(I)=W(I- 
-1)--O.0 
21 O DO 50 
NORM (0) 
220* COMPUTE POWER EDURING CLASSIFIER 
LOAD CHANGES 
230 DO 9 I=20, 130; N=-15; P(I)=0.0 
240 DO 7 J=N, 

26O 9 CONTINUE 
270* 
280 PRINT," ENTER NO. RUNS''; INPUT, ITGT 
290 N =4; n2=1 
300 =20; 8 IF(I-ITGT-19) 10, 1000,000; 10 I=H-1 
310 X(I)=20.0% 16.0* (P(I)-P(-1))--X(I-16) 
320 TOT=OO 
330 N 1-15 
340 DO 11 J-N1; 
FACT=200* P(I)/TOT 
350 DO 12 J-N1; 12 X(J)=FACT*X(J): GO TO 8 

11 TOT=TOT-X(J)* 0.0625; 

360 1000 DO 13 J=1,20; 13 PRINT 
300,J.P(J), W(J),X(J) 
370 DO 14 J=21,I; 14 PRINT 
310.J.P(J), W(J),X(J),X(J-16) 
380 300 FORMAT(1H I6,5X,3F15.7) 
390 310 FORMAT(1H, 16,5X,4F 15.7) 
400 STOP: END 

2 
APPENDIX 3 

Screen 17:17EST 94/18/72 
Enter No. (Actual (Computed (Recycle 
runs? (Power) feed) feed) rate) 

5 --------------- 1.5916 2.4327 2.1327 
2- - - - - - - - - - - - - - - 1.3246 2.81234 29, 181234 
3- - - - - - - - - - - - - - - 10.5432 2.843 2,863 
4- - - - - - - - - - - - - - 9,999836) 19).9)67384 ) . ))6738. 
5- - - - - - - - - - - - - - E. 52 2.43 2.43 
(- - - - - - - - - - - - - - 1.4246 2.84)15 2.8896 
7- - - - - - - - - - .9634) 199,238 1,328 
8- - - - - - - - - - - - 1. 7346 2.46 2.1885 

() - - - . . . . . . . . . . . 2.9971) 1:...)4)8 199, $414:28 
1. . . . . . .tif 9.458 

. . . . . . . . . . . 1.63 2 23, 3223 
2- . . . . . . . 1.9682 2.3632 2.1313 
13-... . . . . . . 1,337 26, 16874. 2.884 
14-- . . . . . . 9.99.35 %, ’871:25 15s. 878 
5. 1,541 (2.183 2.478 
ti- $.99:3412 19, 186324, 99.8822 

15 17- - - - - - - - - - 1...g5314 2.6277 2. 1277 
18- - - - - - - - - - - - - - 1.32357 29.3463. 2.f461 
1 - - - - - - - - - 9, 194873, 199.98)746 8,741 
2--------- 1,135 2,4665 2, 4,646 
21- - - - - - - - - 1. 31398 25). 987419. 29). 9874181 2, 31343 
22- - - - - - - - - 1,06251.56 299.994.3733 2,994.33.71 2.384896 
23- - - - - - - - - (.5937237 299,9792.494. 239,979269 199.9926968 
24- - - - - - - ,1249714 21. 139618 21.139637 26.2146885 
25- - - - - - - 1.562454. 21. 218678 21. 218673 99.94.1998 

20 26--------- 1.1874539. 239,98229, 29.982.56 199.995.298 
27- - - - - - - - - 1.2186816 299,993227. 299,9931889 2.3223 
28------- 1,2498863 29,999826 269,999.593 26.136.13 
29 19.281,724 2.18478 18437 298.68684 
32- 3.312492 2s.), 9944324 34725 199.768 
31- .3436941. 29.993.3643 933529 25, 19768 
32- .3748919 29.9989433 89.28 186822 
33. - 1.46338. 21. 8318 23.989299 16277 

25 34- 1.437318; 26.983875 29.98.38653 . 9461 
35- 1. 4686154 2.24629, 21.467 897461 
36 i. 49.98475 299,998352 239.9983444 43646 
37. 13. 4998.546. 29.9896526 299.989666: 87491 
38. 1.499867 29.9966469 29.9966.297 239,994,337 
39 1.4989.28 299.989226 2.39.9892216 299.97269 
4. 1.499885 28, 114288 213.914463 29.339637 
41 13. 5.1478 21.51631, 23.5.161.96 2.8673 

30 - - - 1.546446 21,995.3594 21.995.348 29.982,156 
43-- 3.55942. 21.51524, 211.5149869 29.993889 
44----- 1.55678 21.98.55999 211.9855328 299.9991.93 
45----- 1,5233778 212.548618 22.5483 21.8437 
46-- 1.5327,526 212,994.3848 212,9944286 299.9944725 
47--- 3.5437A38 213.5.2291. 213.513286 29.9933529 
48. 1.556239. 213,9956, 213.9958.439 299,9989128 
49.---- --- 1.5732715 214.58.1452. 214.533204 210.8299 
5- - - - - - 1.5859348 24.996.1224. 214.996.933 299.983863 

35 5. - 1,631322 215.5677953 215.57821 21.346177 
52. - 13. 6218996 216.338986 216.38986 29.9983444 
53-- 1.642272 216.585545 216.58564 299,989666 
54. - 1, 6641511. 26.9982633 .216,998.2914 299.9966.297 
55 - i. 6876519 27.559513: 217.594776 239.98922.6 
56- 1,7125)45 27.9939916 217.993)35 2, 1446 
57- - - - - ... .737629. 218.52268.38 218.5226784 21.5116,196 
58 1.76262.55 218. 1942.74. 218.994.1998 21,995.348 

40 55. - 1.78759 29.536716 219,536.526 2115498 
ti----- 1.825924. 219.862347 29.985288.1 21, 855328 

. .836626 22.2493. 22.248795 22.54813 
62 . . .8579.36 22.27256 22.275- 212.44286 
63. - 12.8782332 21.869194 219.86948 213,5286 
64- 1.8969729 219.99773 29.973)3 213.954 
65. 1.914.1582 223. 33624 223. 23262 214.5234 
6. ... .92.7944, 219.99.96891. 29.9996891 214.96133 

45 67. 1,943849, 223. 352738 22.552662 215.57821 
68. --- 1.9563342. 219.99958) 219.99.1798 216.38986 
69. -- 1.9672.168 219.99.961. 219,993 216.58564 
7.... 1,9765522 29.9855.499. 219,9855251 216.998.2914 
7. 13. 9827.261 29.485.17 219, 485131 27.594776 
72- - - - - - - 1.9858595 28.9958.38 218.9957859 27.9939.935 
73- - - - - - - .985.7829 218.498.1632 28.498499 218.5226784 
74- - - - - - - 1.9826536 217.9928436 217. 9928398 218,994.1998 

50 75------- ... .9764458 27.51717, 27.5171471 29,536526 
76. - 13. 96723, 27.92335 27, 341 219,986.2881 
77- - - - - - - 1.956946 26.4956799 216.4955943 22.248795 
78-- - - - .9435892. 216, £12.35 26, 21215, 223.27.534 
79-...- 1,929,5356 215.4897785 215, 4897995 29,986948 
8.-- 1.9138495 214. 9722252 214.9721737 219,991.7393 
81 - - - - - - - 1.8967249 24.525.116 214,524792 223,33262 
82------------- 1.87795 213.9916687 213,9916935 219.9996.891 

5583------- 13,8576322 23.53585. 213.535,782 223.952662 
84 - - - - - - - 1,8357.254 212.989:44 212.989.289 219,9991,798 
85- - - - - - - - - 13.812368 212,4969673 22.49734 219,991.3 
86- - - - - - - - - - - - - - 1,7873.192 21.9895.115 2.98952 219,985525 
87 ------------. .7623633 21, 49.92332 211. 4992332 219. 485.13 
88-- - - - - - - - - - - - - 16.7373848 21.327384. 211,26569 218.9957839 
89- - - - - - - - - - - - - - 13.72444. 21.534425, 23.534498 28.498499 
9- - - - - - - - - - - - - - 13. 687482. 21, 176544 21, 176849 27,9928398 

60 - - - - - - - - - - - - - - 1.6623.797 29.4844265 29, 48.44284 217,574.71 
92- - - - - - - - - - - - - - 13. 637477 29, 1547. 29, 151443 217.3334 
93. - - - - - - - - - - - - - 1, 6.2435 28.491423 288, 491622 216.495594 
94- - - - - - - - - - - - - - 1,5874583 28.87397 28, 187283 216, 1215 
95- - - - - - - - - - - - - - 1.5624727 27.4943981. 257, 4944.267 25. 4897995 
96------------- 3,537544, 26.9952662. 26.995.2243 24.9721737 
97- - - ---------- , 51247. 26.4969387 226,496875 214,5234792 
98-- - - - - - - - - - - - - 3.4875556 26, 186977 296.187855 23.9916935 

65 - - - ---------- 1. 4625497 25.516937 25.5916747 23.535782 
16------------- 1.437585 295.99.3338 235. 3281 212.98928) 
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What is claimed is: 
1. In a control system for an ore grinding circuit in 

cluding at least one particle size spiral classifier opera 
tive with a ball mill grinding device, the combination of 
means for sensing the motor power of said classifier 

in relation to the ore material passing through said 
spiral classifier for each of a plurality of iteration 
periods related to the function operation of said 
spiral classifier, 

means for sensing the actual supply of new ore mate 
rial to said ball mill grinding device, 

stored program control computer means for deter 
mining the recycle rate of ore material from said 
spiral classifier to said ball mill grinding device in 
relation to said motor power for at least a predeter 
mined one of said iteration periods, and 

means for controlling the desired supply of new ore 
material to said ball mill grinding device for said 
one iteration period in accordance with a predeter 
mined relationship including said actual supply of 
new ore material and said recycle rate of ore mate 
rial. 

2. The control system of claim 1, with the determina 
tion of the recycle rate being in accordance with the re 
lationship: 

P= Ko- R.dt 

where P, is the motor power of the spiral classifier at 
time t, K is the power required by the spiral classifier 
with no load of ore material passing through the classi 
fier and the integral of the recycle rate Rover the pe 
riod of ore material retention time Tincluding said plu 
rality of said iteration periods sets forth the motor 
power in relation to the ore material recycled from said 
classifier to said ball mill grinding device. 

3. The control system of claim 1, with said desired 
supply of new ore material to said ball mill grinding de 
vice being controlled in accordance with the relation 
ship: 

Werror W - WA, 

where W is determined in relation to a comparison of 
the desired total load of the ball mill grinder device 
with the ore material recycle rate and where WA is the 
actual supply of new ore material. 

4. The control system of claim 1, with said stored 
program control computer means for determining the 
recycle rate being responsive to the operation of said 
classifier such that a recycle rate is established for each 
of said plurality of iteration periods related to the func 
tional operation of said classifier, and with said sensed 
motor power of the classifier being representative of 
the sum of all the determined recycle rates during a 
predetermined ore material retention period including 
said plurality of iteration periods. 

5. A control system for an ore material grinding cir 
cuit including a spiral classifier operative with an ore 
material grinding device, said control system including 
means for sensing the motor power of said classifier 

in relation to each of a plurality of iteration periods 
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14 
related to the functional operation of said classi 
fier, 

means for sensing the actual supply of ore material to 
said grinding device, 

stored program control computer means for deter 
mining the recycle rate of the ore material return 
ing to said grinding device for each of said iteration 
periods in relation to said motor power of said clas 
sifier and for determining a desired supply of ore 
material to said grinding device for each of said it 
eration periods in relation to said recycle rate and 
said actual supply of ore material, and 

means for controlling the supply of ore material to 
said grinding device for each of said iteration peri 
ods in accordance with said desired supply of ore 
material. 

6. The control system of claim 5, with said stored 
program control computer means for determining the 
recycle rate being operative to determine a recycle rate 
for each of said plurality of iteration periods related to 
the functional operation of said classifier such that said 
motor power is related to the sum of all the recycle 
rates during a predetermined ore material retention 
time period including said plurality of iteration periods 
for said classifier. 

7. A method for controlling an ore material grinding 
circuit including at least one spiral classifier operative 
with a ball mill grinding device, said method including 
the steps of 

sensing the motor power of said classifier in relation 
to the ore material passing through said classifier 
for each of a plurality of iteration periods related 
to the functional operation of said classifier, 

sensing the actual supply of ore material passing to 
said ball mill grinding device, 

establishing the present recycle rate of ore material 
from said classifier to said ball mill grinding device 
for each of said iteration periods in relation to said 
motor power, and 

providing a desired ore material feed to said grinding 
device for each of said iteration periods in accor 
dance with a desired relationship between the ac 
tual supply of ore material and said recycle rate of 
ore material. 

8. The method of claim 7, with the step of establish 
ing the present recycle rate of ore material being in 
consideration of a predetermined relationship with the 
recycle rate established for each of said plurality of it 
eration periods related to the functional operation of 
said classifier. 

9. The method of claim 8, with the established recy 
cle rate for each iteration period being updated such 
that said motor power is related to the sum of all the 
updated recycle rates. 

10. In apparatus for controlling a ball mill grinder de 
vice operative with a spiral particle size classifier, the 
combination of 
means for sensing the motor power of said classifier 
for each of a predetermined number of iteration 
intervals related to the operation of said classifier 
with ore material passing through said classifier, 

stored program control computer means for deter 
mining an ore material recycle rate from said clas 
sifier to said ball mill grinder device for each of said 
iteration intervals, for determining a mean recycle 
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rate in relation to the determined recycle rates for 
all of said iteration intervals, for determining a 
present recycle rate in relation to said motor power 
for the present iteration interval, and for modifying 
said determined recycle rates in accordance with a 
predetermined relationship including said mean re 
cycle rate and said present recycle rate, and 

means for controlling the new material feed rate to 
said ball mill grinder device in accordance with a 
predetermined one of said determined recycle 
rateS. 

11. The apparatus of claim 10, with said stored pro 
gram control computer means determining said ore 
material recycle rate for each of said iteration periods 
in relation to a predetermined difference relationship 
between said sensed motor powers of said classifier. 

2. The apparatus of claim 10, with said stored pro 
gram control computer means determining said means 
recycle rate in relation to the sum of said determined 
recycle rates for all of said iteration intervals divided by 
said number of iteration intervals. 

13. The apparatus of claim 10, with said stored pro 
gram control computer means modifying said deter 
mined recycle rates in accordance with a predeter 
mined ratio relationship between said mean recycle 
rate and said present recycle rate. 

14. The apparatus of claim 10, with said stored pro 
gram control computer means determining an ore ma 
terial recycle rate from said classifier to said ball mill 
grinder device for each of said iteration intervals in ac 
cordance with the sensed change of motor power be 
tween successive iteration intervals. 

15. The apparatus of claim 10, with said means for 
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6 
controlling the new material feed rate to said ball mill 
grinder device being responsive to the determined pres 
ent recycle rate of the ore material presently being re 
cycled from said classifier to said ball mill grinder de 
vice. 

16. In a control system for an ore grinding circuit in 
cluding at least one particle size spiral classifier opera 
tive with a ball mill grinding device, the combination of 
means for sensing the motor power of said classifier 

in relation to the ore material passing through said 
spiral classifier for each of a plurality of iteration 
periods related to the functional operations of said 
spiral classifier, 

means for sensing the actual supply of new ore mate 
rial to said ball mill grinding device, 

means for determining the recycle rate of ore mate 
rial from said spiral classifier to said ball mill grind 
ing device in relation to said motor power for each 
of said plurality of iteration periods, and 

means for controlling the desired supply of new ore 
material to said ball mill grinding device for each 
of the iteration periods in accordance with a prede 
termined relationship including said actual supply 
of new ore material and said recycle rate of ore ma 
terial. 

17. The control system of claim 16, with said recycle 
rate established for each of said plurality of iteration 
periods being related to the functional operation of said 
classifier, and with said sensed motor power of the clas 
sifier being related to the sum of the respective deter 
mined recycle rates for said plurality of iteration peri 
ods. 


