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Eq.(3)2 T LA Tk Y 22 0L RET D,

1
a,D"+a, D" +-+a,D+1

GMo(t): GMi(t) (3)
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ZMo(t) = a
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Gg (1) =Gy, (t—17) (8)

Zg(t) = Zyyo(t-7) (9)
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Z4, (1) = h, {Gg (1), Z (1), N4 (1), Ds (1) (11)
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Gy LY I AV ICHEERE TSR BICEL T, KON
2R S /A 5 A ) B VAR NN
Gy (1) = G (1) — Gy, (1) (12)
Zy (1) -Gy (1) = Z (1) - G (1) = Z, (1) - G, (1) (13)
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gMi _1+ L% gi l+ L% ng

1

ZMi(S):Z'Zi(5)+(1_Z)'ZMr(S)+(1+ L?; _Zj'{ng(S)_gi(S)} (15)
gMo(S):T(S)'gMi(S) (16)
240 (9) = T(8)- {1 - Qi (8) + @, 2, (5)] (17)
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Jso (S) = ﬂll Qi (S) +ﬂ12 "L (5) +ﬂ13 Ny (5) +1314 'ds(s) (20)
25, (S) = Boy * Usi (S) + Boy - 25 (S) + Bog - N5 () + Boy - (S) (21)
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LB X0 | Bira,B22 % RO DH &N T X 5, x5 & L & #H
E M T o R M R IX . p12=0.844, £,,=0.23 T & - =,
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S B
No. 1 Mill No. 2 Mill

Capacity 28 ton/h 100 ton/h
Ball Mill/Drive Center drive/950 kW |Center drive/3,700 kW
Ball Mill/Dimension 2,900 ¢x9,500 L 4,400 ¢/13,000 L

1
Type of separator |Cyclone air separator | Cyclone air separator

Table 1 Specifications of two examples of closed circuit

grinding systems

e — :
e ey
( Bag filte T }
i1 L
14
7 7 AW RS
T
T :
S T
Nyl =l ' Bucket
i \‘ ) 1 ‘/glcvator
] Cyclone air separator
Grinding mill
N7 ¢ g
o |

i

Fig. 1 Closed circuit ball mill grinding system

Zg

[
1+Ll%¢
1 +
T+lc | +

Disturbance

Fig. 2 Linear dynamic model of the closed circuit grinding system



Impulse response L
180 | for Le=3.63,5°9 NO.1 mill at Le=141
Impulse response NO.1 mill at Lg=1.97
160 \ for L=2.73 NO.1 mill at Le=2.73
140 NO.1 mill at Lc=3.63 12 _
120 | Impulse response = i1k T} Mean residence tim.e {min)
. for Le=1.97 £ L : Length of the ball mill (m)
Y100 = 1r - G : Mass flow ratc through the mill (ton/h)
3 g 09 § : Cross section area of the mill (m?)
g 5 esl
= °
E_o07f
E
§< 06t
2E o5t
g~ | W ][Nod mill
Sl o4 ® [NO2mil
[S § 03
02 . . L . L
0 5 10 15 20 25 30

Time (min.) Flow rate per unit cross section of ball mill G/ (ton/h-m’)

Fig. 3 Residence time distributions and impulse responses of the Fig. 4 Mean residence time characteristics

balt mill
90
013 Return meal
= < 80 -
£ L o)
S 013 §
IS
= u S0
= S
& 011 | 5
2 60 )
= b Mill outlet meal
g 009 | E
< s 50
- by
= 0.07 ol
) - 3
T o0 i 2
. &‘G 30 r Separator outlet meal
0.03 L . L L L 20 L L L L i n
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