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PROCEDURE output_calci 

VAR

l: INTEGER; 

factor; REALi

Begin

( calculate pouer consumption of mill >

{ evaluate fractional filling of voids in grinding media >

IF (Xl0J/Vo <• f 1 nes_voidage»fc> 
then U:- fc/(media_voidage*J) 

else U:- (( t-f ines_voidage)»fc ♦ XI 01 / Vo )/( media_voidage» J ) I

< evaluate density of pulp >

IF x(®I+k (I)+x(2J <>0 then 

begin

IF (XtOJ/Vo <■ flnes_voldage»fc)

then pulp_denslty:- ( I-fines_voldage>*ore density ♦ X[0]/Vo 

else pulp_density:* ort_dens1 1y*(XI)1+XI2))/(XI01+ X[ 11+XI21>
♦ X[0)/(X[0HX1 1)4X12) )i

end

else pulp_denslty: *0 i

< calculate pouer correction factor >

pouer..correctIon:* I ♦ media_voldage»pulp_density»U/'ore_denaltyi

< evaluate fractional filling of nill >

IF (U <- 1)

then fractlonal_fU1lng:■ J 

else

IF (Xl®l/Vo <- fc>

then fractlonal_filllng:- ( I-medla_voldage>»J ♦ fc 

else fractlonal_fU1ing:• (1-medla_voldage>«J

♦ ( 1 - flnes_voidage)»fc ♦ X[0)/Vot

< evaluate coarseness of load >

IF (fc * 0> then coarseness:- max_coarsenessi 

IF (J * 0 )  then coarseness:" min_coarsenessi 

IF xl 1 )+-rt2l<>0 then

IF <fc <> 0) and <J <> ®> then

coarseness:- < XI31 ♦ XI41>/(XI 1] ♦ XI21> 

else coarseness:-max_coarseness>

IF coarsaness>max_coar seness then coarsenesi,:-max_coarsenessi 

coarseness:- (coarseness - mln_coarseness>/

(max_coarseness - min_coarseness>i 

m x : - -(I - 0. 4/max 1oad(‘coarseness ♦ ti 

my:* (pouer.max/®.32 - I)»coarseness + ti 

factor:- mx»fractlonal_f1 1 1 lngi

< callculate pouer consumption >

IF (coarseness >• 0)

then

begin

pouer:- Rose_sul1ivan( factor)i 

pouer:- pouer_correction»Po*pouer + Pmi 

pouer:- Po*pouer»myi 

end 

el se 

begin

(pouer:- Pmi } 

uriteln('coarseness < 0 ’)|

endi

( check fo overload condition )
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< check for m j h h l i  load level >

1 oad_nax_pouer:■ max_load/nx;

IF ( fractional_fll1ing > load_«ax_pouer> 

then begin

FOR i:*3 to 4 do over 1oadt11:* 1i

< power : "lJw» >

If opt_tine then ur 1 teln('mi 11 overfill')) 

endi

{ check for overfilling of nedia interstices >

IF <U <- I> then

FOR t:«1 to 4 do overloadll1:■I 

else

IF (U > I) and (U <- I♦overfill) then 

FOR U » l  to Z do beQln 

over 1 o a d t 1 1 :* It

(overload!14Z1:« t - reduced_ueari> 

end 

else 

begin

FOR i: — 1 to 4 do overload!ll:• ti 

{pouer: * P m  >

If opt_ti«e then uritein!'intersttees overfill’>i 

en It

( check for excess uater dilution )

IF (X I 11 ♦ XIZl ♦ XI3) ♦ XI41 <> 0) than

IF ( X11) 1 / ( XI 11 ♦ XIZl ♦ XI 31 ♦ X [ 41 > > uater_cr It leal > then 

begin

FOR i:«1 to 4 do overload!ll:■ 11 
<pouer:• Phi>

If opt_tl*e then u r 1 teln ( 'siipping ’)| 

end 

el se

FOR is*I to 4 do overload!ll:* It

< check for lou load level >

IF <fractlonal_f1 11lng < *lni«un_loed) then bagin 

IF opt_tl«e th«n uriteln!’reduced load ’)i 

FOR 18*1 to Z do begin 

overload!ll:* Ii

{overload!1 ‘2 1 :* I ♦ exceu«_ueari)

endi

endi

endi
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{.... -----........................................ .

const nax_no._point»*S00i 

max _no_ vara- 301

type atrriane-atr ingl 401 i 

strpath*atrtngl 90) i

1ong_vector*arrayt I..Z*nax_no_pointal of reali

var

no_of _pointa:Integeri

datanatr tx_x:array!I..nax_no_vara1 of long.vectori

datanatrix.y:array( I. .max_no_varal of long_vectori

f1le_var:tax 1 1
f ile_group: textj

gr oup._ name: a t r nane t

run_nu«ber:atr tng( 31t

curve_no:integeri

atep_r,o: integer*

path,path.group,path_aelect: atrpothi 

{............................................ -.......

147



<................................. - .............................................................................. -
PROGRAM plot < Input , output) i

•Include '/usr/lnclude/starbasi.pi.h ’* < starbase constants and types >

• include */users/ble 1 och/flm_dir/piot_var.p’»

CONST

axis_height ■ 0.05i 

digits • 3i 

Edge ■ Ii 

EndOfLine • 0;

header_height • 0.07;

TYPE

data_point«i* array! 0. . Z**ar_no _points) of REALi 

str.36 “ String! 30);

VAR

data.array: array ( 1 ..«ax_no_varsl of data_pointsi 

store_f llename:arrayi I . . piax_no_varal of strnane; 

dun«y_na*e: strnanei

nai"e: array! I. . *ax_no_varsl of strnane; 

device_type: CHARi 

f tides: INTEGER;

heading, x_label, y_label: str30i

I. j: INTE6ER; 
noofvars: INTE6ER;
nu*_polnt»: array! I..*ax_no_varsi of INTEGERi 

Strng, filename: string!Z#11 
Vleft. Vrlght. Vbt*. Vtop: REALs 

X: REA! i

X«ax, Vna>i, Xnln, Ynln, Znax, Zinin: REALi 

Xpower: INTE6E R 1 
Ya: REALi

colorl_count,colorZ_count:Integer 1 

•include */usr/lnclide/starbase.pZ.h*• < starbase externa) references >

<........................................ -.................. ............

Procedure initiallsei 

Begin

Vleft:- 0. IZi 

Vrlght:• 0.ZZ1 
Vbt*:• 0 . IZ1
Vtop:* 0 . 1 0 1 < limits of the view port >

Znin:»0i 

Z*ax:■11
write!’Enter the title for the plot: ')i 

readln( heading )1
< write<’Enter th* X-axis label: ' )i 

readln< x.label>1 )
x_label: Ti*i Units 1
< write!'Enter the Y-axis label: ’)i 

readln! y_label>1 >
y_label:"'Response ' 1 

Endi

PROCEDURE Tics ifildes: INTEGERi Axis: chart

Location, Start, Finish, Delta, S u e :  REALi 

Major: INTEGER ) 1
VAR

Tic: INTEGERi
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TicMka: array[0..I!991 of REftli <?00 tica Maximum)

Begin

IF (Axia-'x') or <A'ls“*X'>

’.hen 

begin 

X:» Starti 

T ic:"0i 

I: -0i

UHILE X <- Finian do 

begi n 

TicMka(I 5: • X *

T IcMk at I + 11 : "l.ocat ion - Sil**< I+ord( < T ic MOD Major>-0>>| 

TicMk at 1 + 21: -<1.01 
TicMkal1+31s-K»

TIcMkat I*41:"Location>Size»<I+ord<(Tic MOD Major)-0))i 

TicMkalI♦51:■!.01 <drau there)

X:-X+Deltai 

T lc:-Tlc+11 
Ii-I+Si 

endi 

endi

IF (Ax i »■'y ' ) or (ftxia-’Y’i 

then 

begin 

Ya:» Starti 

T ic:-0i 

I: -01
UHILE Ya <• Finish do 

begin

TicMkall 1: -Locat ion- Size*( I ♦ord( < Tic MOD Major)*0))i 

T icMkst1♦ 11:-Yai 

TicMkalI+Zl:-0.0i

TicMkall+31:"Locatlon+Siie*<1+ord(<Tic MOD Major)-<0))| 
TIcMk at I*41:-Yai

TicMkal1+51:•!.01 torau there)

Ya:"Ya+Deltai 

T ic:“Tic*1 1 
I s * H 6 i 

endi 

endi

polyllnnZdtfllJea, TicMka, I OIV 3, 1 )i 

Endi {procedure Tlca )

procedure flnd_linltai 

var l,j:integeri 

x,y:reali 

begin

Xnax:- -maxinti 

Ymax:■ -maxinti 

Xmln:* maxinti 

Ymin:» maxinti

for i:■I to noofvara do begin 

path:-path_aelecti 

a trappend*path,atore^f i 1 enamel i 1 ) i 
reaet( f i le.var ath)i 

rendin< f 1 1 e_var,dummy name)i 

readln< f 1 1e_var,no_of_pointa) i 
for j:"l to no_of_pointa do begin 

readln< f 1 1 e_var,x ,y ) I 

if x>Xmax then Xmax:*xi 

if x<Xmin then Xmin:"xi 

if y>Ymax then >max!"yi 

if y<Ymitt then Ymin:"yi

endi

Ymax:*Ymax + (Ymax »0.0?)i < apacing )
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Ymin Ymin-' 'min»0. 02 )' 

cl eae( f 1 1 e_ . or >i
endi

end i 

{— -

PROCEDURE read_datai 

VAR

1 . j: INTEGER.

Begin 

1 : ■ It

wrlte(’Uhat run numbe1"? ')ireadln<run.number ) i 

path:*’ /uaera/bleloch/eim_dir/plc>t_dir_’ i 

atrappandt path,run_number ) ipath: -strrtr m (  path) i 

atrappend< path,*/group.dlr/ 1 )t

write<'Name of group to be plotted? ’) ireadln<group_name) I 

atrapp«nd< path,group_name) i 

path:-atrrtrl«< path)i 

reset< f 1 1 e_group.path)i 
readln< f 1 1 e _group,path_se 1ect) i 
1: -0i

while not eof ( f 1 1 e_gro.;p> do begin 

1:-1 +11

readln< file_groua.atore_filenamel 1))i 

endi < while ) 

noo* vara:-1 1 
f lnd_l lmitsi

{ convert data for polvline2d ) 

for tt-l to noofvara do 

begin

path: '-path_select i

strappend<path,a tore_f11 enamel 1 ))i 
reset ( f lle_var , p«ith) i 

readln< f 1 1 «_var,name I i))I 
wrIteln<'reading ',nane(ll)i 

readln< f tle_var.no_of_polnta)i 

num_polntst1 1 :-no .of_pointas 
J: -01 

repet

readl .>< f ile_var . data_arrayl 1 . J1 ,data_arrayl 1, J ♦ I) ) i 

J s-J -»21

until 4>-(2»no_of_polnta-2 >i 

endi

endi

<-............. — .............................. -..............

PROCEDURE ap,. id.label (VAR amalahel: Str30i VAR exp: INTEGER) i

Begi n

IF (abs(Xnax) > 999) c»r < aba< Xmax > < 100) 

th n 

begi n

power : • trunc( 1 n< atia( Xmax ) >/1 n< 10) ) l 

exp:- power - digits •* 1 |
1 abel_length:• strlen(axlalabel)+1 i 

IF ( exp < 0) 

then

IF (aba(exp) < 1 0) 
then atrwr 1 te( ax la 1 abel , 1 abel_1 ijngth,dummy , ’ xE-0' ,aba< exp) :0) 

elae atrwrlte<axia Iabel,1abel_ 1 sngth.dummy,' xE*’,abs<exp):0 >

VAR

exp..atr 

1 abel_length 
power

dummy :INTEGERi 

:String! 1 0 1 i
: INTEGERi 

:INTEGERi
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else

IF < abs<exp) < 10) 

then strwrite( axislabel,label.length,dummy, ' xE+0' , abs( e x p ): 0) 

else strwrite<axlslabel,label.ienpth,dummy,' xE + ',atis< exp) :0) i 

ends < IF >

Endi < procedure apoend.label )

Begin { main program >

( clear any previous nlots from the screen >

< Begin reading specifications of the plot >

REPEAT

urite(’Do you want the output to go to the Screen or the Plotter* ); 

urite(' <S/P) ? * >t 

readln( device.type)i 

CASE device_type of 

'S'.’s': Bogin

ftides:- gopen<'/dev/crt', OUTDEV. 'hp300h’f INIT)i 

device_type:- ’S’; 

clear.view.surf ace( ft.1 des) I 
Endi 

'P'.'p': Begin

f tides:- gopen( '/dev/pl ot' , O'JTOEV, 'hpgl', INIT)| 

devlce.type:- ’P'l 

Endi

otherwise y r 1 teln<’Invalid option entered')i 
Endi < case >

UNTIL <device_type-'S ' ) or (devlce.type-'P*)I 

IF flldes > 0 then Begin 

clear_view_»urf ace< f ildes ) i 

initial last 

rsad.datai

mapping mode(fildes. DISTORT)i

< write the graph heading )

text_alignmentff ildes. TA_CENTER, TA_CAP, 0.0. 0.0)| 

character_height( f 1 Ides, header_height)i 

CASE device_type OF 

'S': begin

X: - 0.498&I

WHILE X <- 0.S01 5 do begin

t**t2d<fIldes, X, 1 0 .  heading. ’'ST.TEXT. EndOfLlne)i 

X :-X 4 0.000Si

Endi 

endi 

'P’s begln

X:- 0.43951

WHILE X <- 0.5005 do begin

text2d<fIldes, X, t.0, heading, VDC.TEXT, EndOfLne)! 

X:- X+0.0005i

Endi

endi

Endi ( case >

{ write the x axis label -------------------------------------------  >

text_alignnent<flIdes, TA.CENTER, TA_3ASE, 0.0, 0.0)| 

charact® _height< f i1 d e s . axls.helght)I 

append.1abe1 ( x_label, Xpouer)i

text2d<f1 1 dee, 0.5, axis_height/2, x_label, VDC_TEXT, EndOfLlneli

text.a! ignnent< flldes, TA_RIGHf,TA. TOP. 0.0,0. 0) i

character_height( fIldes.0 .0 2 )I

color I.count:- 1 1col or2.count:- I I
for J : — 1 to noofvara do begin

if namel J , 1 1 -'x ' then begin

text..color.index<fil d e s ,col or 1.count)i 
color I.count:-color I.counts Ii
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end

else beein

text_color_index< f ildes,colorZ_count)i 

colorZ_count: »colorZ_count-» 1 j

textZd( f ildes ,0.9 ,0.8-J/40,nanet j 1 .VDC_TEXT,0)i 

endi

endi

text_color_index( f l Ides , t ) i

write the y axis label -------------------------------------------  )

text_alifjn«ent<fildes. rfl_CENTER. TA_CAP, 0.0, 0.0)i 

character_height<fi 1des, axis_height)j 

text_orientationZd<fIldes, -1.0, 0.0, 0.0, t.0)i 

taxtZd<fi1des , 0.0. 0.5, y_label, VDC_TEXT, EndOfLine)! 

vdc_ex t ent < fi 1 d e s ,
X m n  - < Xnax - X m n )  / (1 - Vieft - VriQht) • Vleft,

Y m n  - < Ynax - V m n )  / (I - Vtop - Vbtn) • Vbtn,

0.0. < Znin unused )

Xna* ♦ (Xnax - Xnin) / M  - Vleft - Vright) • Vrigfit,

Ynax + (Ynax - Y m n )  / (1 - Vtop - Vbtn) • Vtop,

0.0) i < Znax unused >

cl ip_rectanQl e( f > 1 des , x m n ,  (nan , y m n ,  yna«)i 

interior_style(* l1d e s . INT_HOLLOU, Edge>i 

rectangi e< f i Ides , X m n ,  Ynin, Xnax, Ynax>i

textZd< f i l d e s ,  0 . 9 , 0 .  B - , j /40.nane (  j 1 ,VDC_TEXT.0>

< plot the tics

Tics< f ildas, 

Tics< flIdas, 

Ticm< f i1 des , 
Tic«< f ildas.

•X’ 

. Y i 

,Y.

Ynin, Xnln, Xnax, < Xnax-Xmn)/ 100, (Ynax-Ynin)*0.01, 5)

Yna* . X m n ,  Xnax, ( Xnax-Xnin)/ 100. ( Ynax-Ymn)»0.0l , 5)

Xnln, Y m n ,  Ynax, (Ynax-Ynin>/4©. ( Xnax-Xnin)»0.005, 5)

Xnax, Ynin, Ynax. (Ynax-Ymn)/40. ( Xnax-Xnin)*0.005, 5)

state >

.count)i

{ plot the data ------------------------------------------

col or 1_count:* 11 
colorZ_count:-Ii 

FOR j:»l to noefvars l'o begin

If stora„fll lanelJ,Il«’s’ then begin ( ie is a 

1lne_color_indax( f ildes.color I 

line_type(f ildes,1>i 

polyllne/d( f ildes, data_array(J1, 

colorl_count: -colorl_count+11 
end

else begin

1 lna_coli.r_index< f 1 Ides .colorZ_count) i 

llna_typa< f ildas,0>i

pol ylinaZd<fildes, data_arraytJ1, nun_pointstJ1- Z ,0)i 

col orZ_count:"colorZ_count+11 
endi

endi

1 ine_color_indnx(f11 dee. I)i

)

nun_pointsf J 1-Z,0 >

label the X tic narks --------------------------------------------- >

clip_indicator(f i 1d e s , CLIP_TU_VDC)i

text_orlent ation?d(f 1 Ides, 0 .0 , 1 .0 , 1 .0 , 0 .0 )i <back to default)

character_height(f ildes, 0.0ZM Ynax-Ynin))I

text_alignnent<fIldes, TA_CENTER. TA_CAP, 0.0, 0.0)i

Ya:* Y m n - < Ynax- Ynin)«0.01 i

X: ■Xmni

WHILE X <• Xnax do 

begin

strurlte<Strng, I, I, round(X/ 

textZd(fildes, X, Ya. Strng, Vl,*.

X:*

endi

1 . 

Ya.

X-M Xnax - X m n  )/ 10;

p< Xpouer*ln<10))):0)i 

.TEXT, EndOfLineti

label the Y tic narks 

text_al\gnnent< f 1 Ides, TA.R16HT, TA_HAIF, 0.0, 0.0)i

IS Z



X: •Xmn-( X«ax-Xnin)»0.00E>i 

Ya:■Ynini

UHILE Ya <• Ymax do 

beoin

strur1 te<Strng, I, I, Y«:6 :Z)i

textZd<fildes. X, Ya. Strno, VDC_TEXT, £ dOflineh 

Ya:*-Ya+' Ymax-Ynin >/81 
end)

fildes:* tfclose (fildes)i 

End < IF *ildes > 0 then ... >

else uritein (’Starbas* unable to open correctly: ERRt ’.fildeo); 

End. < nain proQran >
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Au to ge n o u s  G r i n d i n g  C i r c u i t  S i m u l a t i o n

Setup file number? 6 
Start time 0.00 

Stop tine 800.00 

Logging interval 4.00

File containing initial conditions: i m t _ l  

File containing plant constants: const_6 
Optimization start time* 50.00 

Estimator sampling time 0.50 

Optimization update time* 25.00 

Disturbance start time 400.00 

Magnitude of change 0 . 2 0  
Estimation stop time 800.00

Magnitude of feed_rate excitation signal 1 . 0 0  
Magnitude of mill_uater excitation 1 . 0 0  
Estination only FALSE 

Covariance resetting on: TRUE

Running Simulation

<..............................................

Time Z5.0 

Model Variables 

Inputs

sol Ida feedrite 4.44 

mill uater 5.00

Outputs

Power draft 0.84 

Inside mill

fractional filling of Mill 0.41 

fraction of grinding media 0.41 

fractional filling of interstices 0
States

k(0)- 11.47 

xI 11- 5.90 

* 1 2 1 * 8.16 
■131- 31.47 

kI 41 ■ *®.Z6 

xISI- 31.52 

x( El * 8. 37 

*171*10.21

Regression vector:

0.841 0 845 

4.446 4 442

5.006 5 .000 
1 .000

Parameter •:

1 .455-0.498 

3.012-0 . 122 
-0.056 0.124 

0.187 0.000

P_mat:

273.34 236.38 383.54 

376.04 3i1 13 304.83 1.00

Gradients 0.000 0.000 

Estimation error -0 0015

{...............................................

Time 200.0

>

.74

)
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Model Variables 

Inputs

solids feedrate 4.10 

mill uater 5.03 

Outputs

Pouer draft 0.84 

Inside mill

fractional filling of mill 0.52 

traction of grinding media 0.52 

fractional filling of ipterstices 0.72

States

xt01- 10.04 

x( 11- 7.4P 

xl21- I I.63 

xI 31• 46.63 

xI 41 * 19.3® 

xl 51 - 24.27 

x161• 10.05 

xI 71 - 15.54

Regression vector:

0.840 0.840 

4.104 4.109 

5.037 5.039 

1.000

Parameters:

1.461-0.570 

0.015-0.023 

-0 . 0 2 0 0.016 
0. 146 0.000

P _nat:

53.3® 53.27 34.80 

33.31 30.36 29.51 52.09

Gradients -0.108 0.025 

Estimation error -®.00®S

< ........................................................ >

T.me 400.0

Model Variables 

I nputa

solids fe drate 3.96 

mill uater 4.91 

Outputs

Pouer draft 0.84 

Inside mill

fractional filling of mill 0 .6® 
fraction of grinding media 0.5® 

fractional filling of interstices 0.72

States

x!0 )- 1 0. 02 
xl11- 7.42 

xI 21 - 11.05 

x131 * 45.44 

x14)- 18.69 

xI 5)• 24.81 

x161• 10.13 

x t 71 - 15.14

Regression vector: 

0.64 1 0.84 1



3.959 3.976 

4.908 4.910 

1 .000

Parameters:

1.443-0.588

0 015-0.014

0 012 0.01 I 

0.125 0.000

P mat:

47.31 47.25 31.08

28.02 26.06 29.21 43.69

Gradients 0.008 -0.017 

Estimation error 0.0001

<................................................ -

Time 450.0

Model Variables 

Inputs

solids feedrate 4.28 

mill water 5.17 

Outputs

Power draft 0.89 

Inside mill

fractional filling of nil' @.'<2 
fraction of prinding medifc f i.’ 

fractional filling of interet, e* 0.59

States

x[0 ]- 10.26 

*111- 7.17

* m -  11.54

k O I -  55.12 

*!4 ) ■ 23 .93 

rl51- 24.82 

*161- 9.72 

*17)- 15.44

Regression vector:

0.893 0.894 

4.287 4.287 

5.178 5.180

1 .000

Parameters:

1.486 0.544 

0.021-0.01 I 

-0.018 0.003 

0.116 0 .0 0 0
P mat i

36 22 36.60 31.82 

30.85 26.26 22.79 47.70

Gradients 0.429-0.640 

Estimation error -0.0004

<.......................... 

1 ime 600.0

Model Variables 

Inputs

solids feedrate 4.12 

mill water 4.90 

Ou pu t•
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Power draft 0.86 

Inside mill

fractional filling of mill 0.6Z 

fraction of orindino media 0 .6? 
fractional filling of interstices 0.63

States

XI 0 )- a.74 

x{ I ]- 7.43 

k I ? 1 - 12.66 

*[31- 55.96 

x I 4 1 • 23.24 

xI 51 - 23.40 

xl 51 ■ 9.00 

x(71 ■ 16.68

Regression vector:

0.855 0.85S

4.112 4. 115

4.894 4.894

1 .000

Paraneters:

i.473-0.55?

0.013-0.013 

-0.007 0.004 

0.088 0 .0 0 0
P_mat:

52.96 52.91 37.64

35 26 31.35 33.97 50.51

6radienxs 0.001-0.052 

Estimation error -0.0003

<............................. ...............>

T i ne 80P1.0

Model Variables 

Inputs

solids feedrate 3.96 

nlll water 4.81 

Outputs

Power draft 0.87 

Inside *111

fractional fllli ig of mill 0.61 

fraction of grinding media 0.61 

fractional filling of interstices 0.63

States

x101 — 9.73

x[11 - 7.46

x121• 12.06

xI 31 - 55.02

x f 41 - 22.51

x151 * 23.82

x161• 9.95

x{71 - 16. '0

Regression vector

0.867 0.867

3.953 3.970

4.801 4.796

1 .000

Parameters:

I.471-0.560 

0. 01 I 0.008 

-0.005 0. 001

IS?



0 .084  0 . 0 0 0

P mat:
49.02 49.Z I 30.6Z 

Z8.79 Z8.35 25.47 45.83

Gradients 0.003-0.0?0 

Estimation error 0 .000Z

IfT't
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