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PROCEDURE output_calc:

VAR
1: INTEGER;
factor: REAL:

Begin
{ calculate pouwer consumption of mill )
{ evaluate fractional filling of voids in grinding media )
IF (XI@)1/Vo <= fines_voidage*fc)
then U:= fc/(media_voidage+])
else Ui= ((1-fines_voidage)*fc + X(Q)/Vo)/(media_voidage+*J);

{ evaluate density of pulp )
IF x[@)+x[114x(21<>@ then
begin
IF (XI@)/Vo <= fines_voidageesfc)
then pulp _density:= (1-fines_voidage)tore density ¢+ X[(@)/Vo
else pulp _density:= ore _densitye (X[ 1]14XI2))/(X[Q)+X[114X[2])
+ XIQI/(XI@I+XI1)+XI2]))s

end
else pulp_density:=0;

{ calculate power correction factoer )
power_correction:= | + media_voidage*pulp_density*U/ore_density;

{ evaluate fractional filling of mill )

IF (U <= 1)
then fractional filling:i= J
else

IF (XI@1/Vo <= fc)
then fractional_filling:= (1-media_voidage)®] + fc

else fractional_filling:= (1-media_voidage)+]
+ (1-fines_voidage)e*fc + X[@)/Voi

{ evaluate coarseness of load )
IF (fc = @) then coarseness:* max_coarseness!:
IF (J = @) then coarseness:= min_coarseness;
IF x[1144021<>@ then
IF (fec <> @) and (J < @) then
coarsenessi= (X[3) + X[4))/(X{1] + X(2))
else coarseness:.=max_coarseness:
IF coarseness)max_coarseness then coarseness:*max_coarsensss)
coarseness:* (coarseness - min_coarseness)/
(max_coarsenass - min_coarseness))
mx:= ~(1 - @.4/max_load)ecoarsenass + |,
my:= (power_max/¢.32 - |)ecoarseness + 1,
factor:= mxefractional _filling:

{ callculate power consumption )}
IF (coarseness >= @)
then
begin
power:~ Rose_sullivan(factor))
power:* power_correction*Forpouer + Pm;
power:= Potpowere*myi
end
else
begin
(power:.= Pm;}
writeln( 'coarseness < @');
end;

{ check fo overload condition )}
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{ check for maximum locad level )

load_max_power:= max_load/mx;

IF (fractional_filling > load_max_power)

then begin
FOR i:=3 to 4 do overloadli):=1;
{pouer:=Pm; )

if opt_time then writeln('mill overfill');

end;

{ check for overfilling of media interstices )
IF (U <= 1) then
FOR 1:=1 to 4 do overload(i]:=|
else
IF (U > 1) and (U <= 1+overfill) then
FOR 1:=] to 2 do bagin
overloadlil:i= 1;
{overload! |42):= | - reduced_weor;)
end
else
begin
FOR i:=1 to 4 do overloadlil:= 1}
{power:=Pm;)
1f opt_time then writeln('interstices overfill')y
ent;

{ check for excess water dilution )
IF (X[1) + XI2) + X[3) + X(4) <> @) then
IF (XI@)/ZCXE1Y ¢ XI2) + X[31 + X(4)) > water_critical) then
begin
FOR 1:=) to 4 do overloadlil:= 1}
{power:= Pm;)
if opt_time then writeln('slipping ')
end
else
FOR 1:=] to 4 do overloadlili= 1}

{ check for low load level )}
IF (fractional _filling < minimum_load) then begin
IF opt_time thun writeln('reduced load ');
FOR 1:=1 to 2 do begin
overloadlil:i= 1}
{overload(1:2):= | + excews_weari)
end:
endy

endi
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const max_no_points=500;
max_no_vars=30;

type strname=stringl4@];
strpath=stringl90);
long_vector=arrayl |..Z*max_no_points] of real;

var
no_of_points:integer;
datamatrix_x:arrayll..max_no_vars) of long vector:
datamatrin_y:arrayll..max_no_vars] of long_vector;
file var:text:
file_group:text,
group_name:strname)
run_number:stringl 3]
curve_no:integer;
step_ro:integer;
path,path_group,path_select:strpath;

(-.--.---.-----..-...--..‘----.-.------.---.--....-...-.---------..-----.-..
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PROGRAM plot (input , output))

$include '/usr/include/starbass.pl.h'S { starbase constants and types )
$include ‘/users/bleloch/=im_dir/plot_var.p'$

CONST
ax1s_height = 0.05;
digite = 3
Edge = 1}
EndOfLine = @

header _height = @.07;

TYPE
data_pointu= array(@..Zemar_no_points] of REAL;

str3@ = Stringl 30);

VAR
data_array: array (1..max_no_vars] of data_points;
store_filename:array(!,..max_no_vars] of strname;
dummy_name:strname;
nare:arrayl . .max_no_vars]l of strname)
device_type: CHAR:
fildes: INTEGER:
heading, x_label, y_label: str3@;
1, 3¢ INTEGER:
noofvars: INTEGER:
num_points: arrayl!..max_no_vars] of INTEGER:
Strng, filenama: stringl2d),
Vieft, Vright, Vbtm, Vtop: REAL:
X: REAL:
Xmax, Ymax, Xmin, Ymin, Zmax, Imin: REAL:
Xpower: INTEGER:
Ya: REAL,
color|_count color?_count:integer;

Sinclude '/usr/include/starbase.pZ.h'S { starbase externa) references )

( EEREEANAT RS AR REEEEEEER G TR AR AR EET R ERERA TR R R R

Procedure initialise;
Begin
Vieft:= 0.12y
Vright:= 9.22y
Vbtmi= .12y
Vtop:~ @.10@: { limits of the view port )
Imin: =@y
Imaxi=1y
write('Enter the title for the plot: ')y
readln( heading):
{ write('Enteir the X-axis label: ')
readln(x_label )¢ )
x_label:='Time Units
{ write('Enter the Y-axis label: ')y
readln(y_label ) )
y_label :='Rasponse’
End;

(Il-----------'--..--.l-lI------.--------.-.-------.IIII.'IQIII-.-.----.----

PROCEDURE Tics (fildes: INTEGER; Axis: chary
Location, Start, Finish, Delta, Size: REAL;
Major: INTEGER);
VAR
Tiec: INTEGER;
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TicMks: array({@..1199]) of REAL; (200 tics maximum)
Begin
IF (Axis="x"') or (A is='X")
then
begin
X:i= Start;
Tic:=0;
1:=Q;
WHILE X <= Finish do
begin
TicMks[I G:=X;
TicMks(I+1):=l.ocation-Sizes(1tord((Tic MOD Major)=@));
TicMksl[142):=0,0:
TicMks(I+3):=N;
TicMks(I+4]:=LocationtSizee( 1+tord((Tic MOD Major)=@));

TicMks[145):=1.@; {drau there)
Xi=X+Delta;
Tici=Tic+ls
I:i=146s
end;
end;
IF (Axis='y') or (Axis='Y"')
then
begin
Ya:= Start
Tic: =@y
1:=@y
WHILE Ya <= Finish do
begin
TicMks(l J:i=Location-Size*(ltord((Tic MO Major)=0));
TicMkslI41):i=Yay
TicMksl(142):=0.0;

TicMkslI+3):=LocationtSizes(1+ord((Tic MOD Major)=9));
TicMkslI+4]):=Ya;
TicMks(1+45]:=1.0; {drau there)
Ya:i=Ya+Del ta;
Tici=Tic+1y
Ii=146:
ends
end;
polyline2d(filles, TicMks, I DIV 3, 1)y
Ends {procedure Tics )

‘-..--.-.--.----....--.--.-..---...........-..-..-.‘.------.-.-..-.-..-.-..-.

procedure find_limits)
var 1,j:integer
x,yirealy
begin
Xmax:= -maxint;
Ymax:= -maxinty
Xmin:i» maxinty
Ymini= maxint;
for 1i=1 to noofvars do begin
path:=path_select;
strappend(path store filenamalil )
reset(file_var ath),
readin(file_var, dummy name);
readin(file_var no_of_points);
for ji=1 to no_of_points do begin
readin(file_var x, y)i
1f xO>Xmax then Xmax:=x)
if x<Xmin then Xmini=x;
if y>Ymax then Ymax:=y;
if y<Y¥Ymin then Ymin:i=y;
endj
Ymax:=Ymax+t(Ymax*®.02); ( spacing )
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Ymin: ‘min’'\min«@.02):
clese(file_/ar)i
ends
end(

(‘.l........l.l.---III-.-I.II-I-I.--..---n--t-.---.--.-----------------.------

PROCEDURE read_data;
VAR
i, J: INTEGER.
Begin
fim |y
urite('What cuin number? ')ireadln(run_number);
path:='/users/bleloch/sim_dir/plot_dir_"';
strappend(path,run_number ) ipathi:=strrtrim(path);
strappend( path, '/group_dir/* )y
wurite( 'Name of group to be plotted? ')ireadln(group_name);
strappend(path, group_name);
path:=strrtrin(path);
reset(file_group,path);
readin(file_group,path_select),
1:=0;
while not eof(file _gro.:p) do begin
1imid )y
readln( file_groun,store_filenamelil);
end; { while )
nonfvars:=i)
find_limits;
{ convert data for polylineZd )
for 1:=1 to noofvars do
begin
path: ~path_select;
strappend(path, store_filenamel{]);
resaet(file_var path))
readln({file_var namel:i));
writeln('reading ' ,namelil);
readln(file_var no_of_points);
num_pointslil:=no of points;

§ =0
repe:
readl (file_var data_arrayli,)j) data_arrayli, j+11);
Jimy+2y
until §>=(2eno_of _points-2);
end;

end)

(-.--.-.------..--‘.--....-.-.-.....--..---.-..--'l..----..-.-....-.-..-.-..-

PROCEDURE ap. ad_label (VAR axislabel: Str3d: VAR exp: INTEGER);

VAR
dummy tINTEGER;:
exp_str iStringl 10)
label _length :INTEGER;
pouer INTEGERS
Begin
IF (abs(Xmax) > 999) or (abs(Xmax) < '10Q)
thn
begin

power:= truncl(in(abs(Xmax))/1n(1@)i;

exp:= power - digits + 1;

label_length:= strien(axislabel )41,

IF (exp < @)

then
IF (abs(exp) < 1@)
then strurite(axislabel label _langth,dummy, ' xE-@' ,abs(exp): Q)
else struritelaxislabel label_leangth, dummy ' xE-"' abs(exp):@)
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else
IF (abs(exp) < 10)
then strurite(axislabel, K label_length, dummy, '’ xE+Q' ,abs(exp):@)
else strurite(axislabel, K label_iength, dummy,’ xE+' ats(exp):0);
end; { IF }
End; { procedure apoend_label )

(-I------.--lI.-.-.-----.----.-----.----I----------l-a:--u-----.t----.-----.

Begin { main program }
{ clear any previous nlots from the screen )}
{ Begin reading specifications of the plot
REPEAT
write('Do you wznt the output to go to the Screern or the Plotter');
uritel® (S/P) ? ')
readln(device_type);
CASE device_type of
g .'.o: B.Qlﬂ
fildes:= gopen('/dev/crt', OQUTDEV, "hp3@dh', INIT);
device_type:= 'S';
clear_view_surface(frides);
End;
'P','ﬂ': B.Q‘ﬂ
fildes:= gopen('/dev/plot', OQUTDEV, 'hpgl', INIT);
device_type:= 'P';
Endy
otherwise writeln('Invalid option entered’');
End; { case )
UNTIL (device_type='S') or (device_type='P'),
iIF fildes > @ then Begin
clear_vieu_surface(fildes);
initialises
read_data;
mapping_mode( fildes, DISTORT )
{ write the graph heading )
text_alignment(fildes, TA_CENTER, TA_CAP, 0.0, 2.0);
character_height(fildes, header_height);
CASE device_type OF
'S': begin
Xi= @.4985;
WHILE X <= ©0.5015 do begin
textZ2d(fildes, X, 1.0, heading, " _TEXT, EndOfLine)s
X:i=X + 0.0005;
End;
end;
'P': begin
X:i= 0.45995;
WHILE X <= 0.5005 do begin
textZd(fildes, X, 1.6, heading, VOC_TEXT, EndOfL: ' ae);

Xi= X+40.0005;
End;
end;
Ends { case )
f wite the 3 .axis 1l ~s<--~~>securiccrvnccocnnscnncnancnns }

text_alignment(fildes, TA_CENTER, TA_SASE, 0.0, 0.0);
characte '_height{fildes, axis_height);

append_label(x_label , Xpower);

textZa(fildes, 0.5, axis_height/Z, x_label, VDC_TEXT, EndCfLine);
text_alignment(fildes, TA_RIGHI ,TA_TOP ,0.0,0.0);
character_height(fildes 0.02);

color!_count:i=l;jcolor?_count:=1;

for ji=1 {0 noofvars do begin

if namelj,11="x' then begin
text _color_index(fildes color!l_count);

color!_count:=color!_count+!;
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text2d(fildes,®.9,0.8-)/4@ namel ;] VOC_TEXT,Q)
end
else begin
text_color_index(fildes, colorZ_count);
colorZ_count:=color?_count+l;
textZ2d(fildes,0.9,0.8-5/40 namalj] VOC_TEXT,0);
end;
end;
text_color_index(fildes,k1);

{ write the y axis label ~------c-cccecsecncscrccnccccccncnca. )
text_alignment(fildes, TA_CENTER, TA_CAP, 0.0, 0.0);
character_height(fildes, axis_height);
text_orientationZd(fildes, -1.0, 0.0, 0.0, 1.0);
text2d(fildes, 0.0, 0.5, y_label, VOC_TEXT, EndOfLine)s
vdc_extent(fildes,

Xmin - (Xmax - Xmin) / (1 - Viaft - Vright) » Vieft,
Ymin - (Ymax - Ymin) /7 (1 = Vtop - Vbtm) ¢ Vbinm,
0.0, { Imin unused )
Xmax + (Xmax - Xmin) / (1 - Vleft - Vright) * Vright,
Ymax + (Ymax - Ymin) / (1 - Vtop - Vbtm) & "top,
0.0); { Imax unused
clip_rectangle(fildes xmin, xmax, ymin, ymax);
interior_style(fildes, INT_HOLLOW, Edge)s
rectangle( fildes, Xmin, Ymin, Xmax, Ymax)j

£ PINt I 2108 *riEsRerseccncocssosniENIERNEE e oo e e }

Tics(fildes, "X', Ymin, Xmin, Xmax, (Xmax-Xmin)/100, (Ymax-Ymin)¢9.01, 5)
Tics{fildes, 'X', Ymax, Xmin, Xmax, (Xmax-Xmin)/10@, (Ymax-Ymin)*@.01,6 5)
Tica(fildes, 'Y' 6 Xmin, Ymin, Ymax, (Ymax-Ymin)/4@, (Xmax-Xmin)*@.005, 5)
Tics(fildes, "Y' K Xmax, Ymin, Ymax, (Ymax-Ymin)/49, (Xmax-Xmin)+@.005, 5)

{ plot the data ~-~-~----- ettt LIS Il e L L L e e L L L L L )}
color!_count:i=1;
colorZ_counti=|;
FOR j:=| to nocfvars Jo begin
If store_fil namelj,il="s"' then begin { ie is & state )
line_color_index(fildes, color!_count);
line_type(fildes, 1)y
polylineld(fildes, data_arraylj], num_pointslj]-2,@)
color!_counti=color!_count+ly
end
else begin
line_color_index(fildes, colorZ_count);
line_type(fildes @)
polyline2d(fildes, data_arcayljl, num_points(jl-2,0);
colorZ_count:=colorZ_count+l;
endi
endi
line_color_index(fildes, 1);

{ label the X tic marks -~-------ccccccccenicocncnccrcccciccnenn )
clip_indicator(fildes, CLIP_Tu_VDC)s
text_orientation?d(fildes, 0.0, 1.0, 1.0, 0.9); <{(back to default)
character_height(fildes, @.02¢(Ymax-Ymin))y
text_alignment(fildes, TA_CENTER, TA_CAP, 0.0, 0.0);

Yai= Ymin-(Ymax-Ymin)*0.01;
Xi=Xming
WHILE X <= Xmax do
begin
struri1te(Strng, 1, I, round(X; p{(Xpowere*ln(1@))):0);
textZ?d(fildes, X, Ya, Strng, Voo _TEXT, EndOfLine);
Xim X4(Xmax-Xmin)/10;
endj

{ label tha Y tiCc MFKS ~~---consconsamisastsrsaserncencnnsa e =Y
text_alignment(fildes, TA_RIGHT, TA_HALF, 0.@, 2.0);



X:i=Xmin-( Xmax-Xmin)*@.005;
Ya:=Ymin;
WHILE Ya <= Ymax do
begin
strurite(Strng, 1, I, Ya:6:2);
text2d(fildes, X, Ya, Strng, VOC_TEXT, End0fLine);
Ya:~Ya+! Ymax-Ymin)/8;
end;
fildes:= gclose (fildes);
End { IF fildes > @ then ... )
else writein ('Starbase unable to open correctly: ERROV: ' fildes);
End. { main program )

( EL R R R L L L L L e L FrrsEEEEREES
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APPENDIX N. VARIABLES DUMPED DURING A SIMULATION RUN

Appendix N, Variables dumped during a simulatisn run



Autogenous Grinding Circuit Simulation

Setup file number? 6

Start time 0.00

Stop time B00.00

Logging interval 4.00

File containing initial conditions: init_|
File containing plant constants: const_B
Optimization start time~ 50.00

Estimator sampling time 0.50

Optimization update time= 25.00
Disturbance start time 400.00

Magnitude of change ©.20

Estimation stop time B00.00

Magnitude of feed_rate excitation signal 1.00
Magnitude of mill_water excitation 1.00
Estimation only FALSE

Covariance resetting on: TRUE

Running Simulation
Time 25.0

Model Variables

Inputs
solids feedrite 4.44
mill water 5.00

Outputs
Poue~ draft .84

Inside mill
fractional filling of mill @.41
fraction of grinding media .41
fractional filling of interstices @.74
States
x(@)= 11.47
x[1)= 5.90
x(2]1= 8.16
x(31= 31.47
x(4]= 70.26
x[S)e 31.52
x(Bl= 8.37
x(71=10.21

Regression vector:
0.841 @.845
4.446 4.447
5. 006 5.000
1. 000

Parameters:
1.455-0.498
?2.012-0.122
-0.056 @.124
Q.187 0.0
P_mat:
2773. 34 236. 38 383.54
376.04 31 13 304.83 1.00

Gradients Q.000 0.000
Estimation error -0.0015



Model Variables
Inputs
solids feedrate 4.10
mill water 5.03
Outputs
Power draft .84
Inside mill
fractional filling of mill @.52
traction of grinding media @.52
fractional filling of ipterstices 9.72
States
x(@l= 10.04
x({1l= 7.4R
x(21= 11.63
x[3)= 46.63
x(4]= 19.30
x(5)1= 24.27
x[(Bl= 10.05
x(71= 15.564

Regression vector:
?.840 0.840
4.104 4,109
5.037 5.039
1.000

Parameters:
1.461-0.570
9.015-0.023

-9.020 0.0186
@.146 90.000

P_mat:

$3.30 53.27 34.80
33.3 30.36 29.5! 52.09

Gradients -0.108-9.025
Estimation error -0.0005

Model Variables
Inputs
solids ferdrate 3.96
mi'l water 4.91
Outputs
Power daraft .84
Inside mill
fracticnal filling of mill 0.5%0
fraction of Qrinding med.a @.50
fractional filliim of interstices @.72
States
x[Q)= 10.02
x[1]1= 7.42
x(2)=11.05
x[31= 45,44
x(4)= 18.69
x[5)= 24.8)
x(Bl= 10.13
x(7)= 15,14

Regression vector:
?.641 Q.84)
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3.958 3.976
4.908 4.910
1.000

Parameters:
1.443-@.588
0.015-0.014
-0.012 0.011
@.125 0.00¢

P_mat:
47.31 47.25% 31.08
28.02 26.05 28.2! 43.69

Gradients @.008 -0.017
Estimaticn error 6.000!

Time 450.0

Model Variables
Inputs
solids feedrate 4.28
mill water 5.17
Outputs
Power draft .89
Inside mill
fractional filling of nil’ &.52
fraction of prinding media € (°
fractional filling of interst. es @.59
States
x[@l= 10.26
x(1)= 7,17
x{21= 11.54
x( 31« 85,12
xld)= 23.93
x(5]= 74.82
x(Bl= 9.72
x(7)= 15.44

Regression vector:
9.893 @.8%4
4.287 4.2897
5.178 5.180
1.000

Parameters:
1.486-@.544
0.021-0.011
-0.018-2.003
Q.16 @.000
P_mat:
36.22 36.60 31.82
30.85 26.26 22.79 47.70

Gradients @.429-0.540
Estimation error -0.0004

Model Variables

Inputs
solids (eedrate 4,12
mill water 4.90

Ou pute



Power draft .86
Inside mill
fractional filling of mill @.62
fraction of grinding media .62
fractional filling of interstices @.63
States
x(@l= 9.74
x(11= 7.43
x(2)= 12.65
x[3)= 55.96
xl4]= 23,24
x[5]1= 23.40
x[G81= 9.00
x(71= 16.68

Regression vector:
9.855 0.855
4.112 4.115
4.894 4.894
1.000

Parameters:
1.473-0.557
0.013-0.013
~0.007 0.004
©.088 0.000
P_mat:
S2.96 S52.9 37.64
35.26 31.38 33.87 50.51

Gradients 0.001-0.052
Estimation error -9.0003

Model Variahles
Inputs
solicds feedrate 3.96
mill water 4.81
ODutputs
Power draft .87
Inside mill
fractional fillig of mill @.61
fraction of grinding media .61
fractional filling of interstices @.63
States
x[@1= 9.73
x(1]1= 7.4B
x(21= 12.06
x[3)= 55.02
x(4)= 22.51
x[5)= 23,82
x(B)l= 9.95
x[7)= 16.70

Regression vector:
0.867 0.867
3.953 3.970

4.801 4.796
| . 000
Parameters:
1.471-0.560
0.011-0.008

~9.005 0.00!



0.084 0.000
P_mat:
49.02 49.21 30.62
28,79 20,356  28.47 45.83

Gradients @.003-0.020
Estimation error @.0002
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